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Usmg the Currlculum Guide for Asironomy and
lnl'erdlsclpllnury 'l'oplcs in Grudes 7-1 2

Introduction :
+ This curriculum guide has been designed for two equally important purposes: to assist planetarium diréctors or
~ classroom teachers in integrating classroom experiences with planetarium experiefices, and to involve students in
active inguiry lessons i the planetarium. It is our hope that your students will be active participants rather than
passivé obseivers. Mahy of the suggested actzvrt:es can be modified bradjisted as you see fit. for your students.

Threughout this curriculurm guide, objectives are 51:a1:ed to allow the student to biscome the chief investigator -
whenever possible, Often the students wil be asked to point out objects or locations, measure distarices, or éven
use various instruments to. gather data and record it. For an individual studerit, an activity gy not conclude urrtil

wseks la"!:er- whsn he/she compla‘l:es mdspsndent s‘t:udy

Th.ts guidc has bccn dcsxgned to take advantage of the true interdisciplifiaty nature of: STARLAB As you examine the
guide you will find its structure includes: : :

Major categories ot dlSCIPIJD.ES (ex. Sc:ence—Ea.rth Life, Physxcal Space}

Topxcs of study consist of 1 major coficepts for student Mmastery, :

Student objectives include the process skills necessary for the learncr to become actively involved in the Tearning
process. Even though all of the objectives may not meet strict definitions set up for behawerai or pcrforma.noe
ob]ecuvcs, they will be hclpful It cvaluanng student leammg and the siiccess of the acnmtv

PA.S.S. Volame activities are located in the 12 volume set of Planetarinm Activities for Student Success. These
tried, tested and proven activities are highly effective in achieving learninig objectives by mvolving students in
hands-on /.minds-on activities that foster essential process and critical thiniking skills.

Other activities include learping expcncnces locared in resources such as the STARLAB cylindes gr.udcs or the
Project STAR book Where Wr are in Space and Time is well as many others Mauy of the activities are desxgned
specifically for use in STARLAB and others have more nnpact when conducted in the classroom. All activities may

be modified at the § mstmctors discretion,
Resource list is found at the énd of this' guide and should serve to assist you in IGCatiIFg Va"-':i'ouﬁ‘ resourees.
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Currlculum Guide @*cr Asironomy and
Iniercllsclplmary Tﬁ&p:cs in Grades 7-I 2 (

 Sciences: Earth, Life, Physical and Space

Topiﬁ-oi Study 1: The Earth as an Astronomice! Object

7 Concepts

1, The 'shap_e of the earth

The rotation of the carth
Proving the rotation of the earth
Causes of day and nigﬁt

Precession

Al

Eftuderrb ObJectlves
1. Uséthe Earth Cylinder to poxrrl: out r-egzons of departire froni &

2 Slmulata the path= of satelites on the dome by swéeping the ari

cér rapidly asraes the domie.

3. Inthe pians’tamum dith the side ]a"nps durmg daytlme holrs 1:0 rELs < the stars arg révea‘l]y outand just
obscured by the brightriess of the sun. B
4. ' Use the Celestial Coordinates Gyliridar to help students vistiaiize thy weer=ssional pathof the earths north and

south polar axis,

P.A.S.5. Volume Acﬁvi'l"i:es' .
+  “Activity 16: The Trip to Trcasurc Tsland,” Volume 2, Actrvisies fov The School Planetarivm; pp: 59:66.
«  “How Big Is the Earth?, > Volume 10, Who ‘D:scovmd Americs?. pp. 36-37. ’

e “What Shape is the Barth?,” Volume 10, Who 'Dzscavmd Ameriza?, pp. 34-35.

Other Activities
e “Mortion of the Stars,” by Gary D. Kratzer, from A Collection of Curricula for the STARLAB Srarﬁeld

Cylinder. :
¢ “The Earth’s Shape and Gravity,” Earth, Moon and Stars, Great Ezxplorations in Math and Science
(GEMS), Lawrence Hall of Science, University of \_.auforula, Berkeley.

Suggesfed Cylinders
- Earth

"o Celestial Coordinates
s Northern Starfiald
¢ Qcean Currents
o Weather



Topic of Study 2: Latitude and Longitude

L

. Cohcep‘be

Meridians (longitude)
Parallels (latitude)

International Date Line

Climatc Zones.
Stiidents Objectives
1. Usé the Earth Cylinder to help students visualize the locations of continents, poles, equator, prume mefidian, liries
of latitude and Iongftude
2. Comipare the meridians (!ongrtude} and paral els (la‘;:rl:ude) ¢h a giobe to those prq;scted in STARLAB,
3. Locate the regions of the earth kiiown 25 the tropics,
4 Compars and contrast the climates of the troplcsand arctic circle.
5. Using the coordinate system, locate various geographic locations. ,
6. Reinforte the use of the coordingte system with the Celestial Coordinates Cylinder. Demonstrate how celestial

[ongrl;ude (ngh'l:ascensmn) and ceies‘blal Iatltade (declmatlon} are used to [oczted ob_]ects ins pace

P.A.ﬁS.'S. anl___lm_e Activities 3
*  “Activity 16: The Trip 1o Treasure Island,” Volume 2, Actrvities For The School Planetarium, pp.59-66.

« “Ladtude and Longitude,” Volume 10, Who “Discovered America pp. 22-26.

Other Activities
© A Cusrent Affair,” A Collection of Curriculs for the STARIAB Weather Cylinder,

. *  “Go with the Flow,” A Gollection of Curricnla for the STARLAB Ocean Currents Cylinder.,

*  “LostatSca,” 4 Collection of Curricuda for the STARLAB Ocean Currents Cylinder.

¢ “Name That Star,” A Collection of Cumm]a ﬁ?" the S TARLAR Celestial Coordinites leznder
©  “Sailing With Columbus,” A Collection of Curricula for the STARLAB Weather Cylinder.

*  “Where On Earth Am 1222, A Collection qf Crrricitda fbr the STARLAB Eiirth Cylinder.

Suggested Cylinders
*  Celestial Coordinates
*  Ocean Currents

*  Weather

Topic of Study 3: The Earth’s Atmosphere

Concept’s

i

2
3.
4.
5

La_yers of the armosphere
Clouds .
Water cycle

Alr currents

Pressure systems

e 3. Grades 7-12 Lessons



6. Jer streamns

L

2
3.
4, Explain Iand and sea breezes.

. Student Objec'blvas
Explain that planetary cirgulation is a resu

Use the Weather Cylinder to locate wind 5y5t’ehﬁs‘. pressure sy

[t of the Coriolis effect, unequal heating of the earth and wind.

stemes and jet stredms.”

Describe the water cycle.

Oiher Aciwrhes

" “A Current Affair,” A Collection afCamcula for the STARLAB Weather Gylinder:

Stormy Weather,” A Collecrion of Curricida for the STARLAB Weather Cylmder
“Bombs Away,” ' A Collectzan of Curricula for the S MRLAB Weather Gylinder.

‘Sug_ge_s'i-ed C-yl;mders

Weather

Ocean Currents

Topic of Siudy 42 The Sun and s Energy

Coricepts
1.
2.
3.

Emphasxzc that the sun is a star at che center of the solar system
Disciiss thie sun’s mﬂucnce on the earth and $easons

Model 4 solar echps_c:_

1

ENCR

.Student Ob_]ectlves

Malke 2 model of the earth-moon-sun syshem;

Ghow that seasonal variations of the sun’s pathi

Demonistrate the chariging amount of energy received from the sun ond

= one of the reasons forthe seasons.

dally and seasonal tycle:

Track the motior of the sui.

P.A.S.5. Volume Acfiviiieg

“Activity 12: The Reasons for Seasons,” Volume 2, Activities for the School Planetarium, pp- 41-45.

other Activities

_ “Modeling Moon Phases and Edlipses,”

Activity 16: “How Many 200-watt Bulbs ‘Equal’ the Sun?” Where We Are in Space and Time, Project
STAR, p. 121. '

“Keeping a Journal of the Sun’s Motion,” Where We Are in Space and Time, Project STAR, p. 8.
Earth Moon and Stars, Great Explorations in Marth and Science
(GEMS), Lawrence Hall of Science, University of California, Berkeley. pp- 23-30.

“Plotting the Daily Motion of the Sun,” Where Wi Are in Space and Time, Project STAR, p. 12.

«Geale Model of the Earth, Moon atid Sun,” Where We Are in Space and Time, Project STAR, p. 88.
“Seasons On the Barth,” Where We Are in Space and Time, Project STAR, p. 40.

e,
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Suggested Cylinders
-« Starfield

*  Constellation

'I'opii: of Study 5: The Stars

2.
3.
4. Encrgy from stars

- Concepts
1.

Understand the narure of stars
Distaticé to the stars

Apparent motion of the stars

- Student Ob\;ec'bwes

1. Explain that stare form in great clouds of dust and gas called nebulae.

2. Discuss the ratio of brightness and nurmbers.

3. Distiss the magritude system of star brightness and demonstrate that the apparant brlglﬂ;nsss isthe resulf of

_real brightness and distance,

&4 Expla_m_ thatvariable stars fiustuzte in b_r'ig__htness ovet periods of tirrie,

B. Using the Déep Sky Objects Cylinder; find the location of various variable a_tars.‘
6. Explain fhaj: slars have diéfe_rent- colora due te variations in their tamperatures'.
7.
&

Understand that the distances to stars s determined by a method known as paraliax,

Inberpret the differences of size, temperature, brightness, color, and mass of stars on the Her"}:zsprung “Rugspll

Diagrara,

9. Describe proper mof_bi_on._

P;A.;S.S. Velurne Acﬂwhes

33.

Acmvxty 8:° Mcasurmg the Bnghmcss of Stars,” Volume 2, Activities for the Scbaal Planetarinm, pp, 30-

¢« Activity 9 “Qbs‘érving a Variable Star,” Volime 2, Actzwzzesﬁar the School Plenetariums,

pp. 34-36.

*  “Colors and Temperatures of Stars,” Volu.me 8, Colors and Space, pp. 9-10,

*  “How Do We Tell Distance By Parallax?,” Volume 9, How Big is the Universe?, pp. 15-18.

= “Brightness of Stars,” Volume 9, How Big

= “Cepheid Variable Stars,” Volume 9, How Big is the Universe?, pp. 19-23.
*  “Parallax-How Far Is It,” Volume 9, How Big is the Universe?, pp. 34—3_8._

is the

Universe?, pp. 18-19,

*  “Whar Stars Are Made Of” Volume 8, Colors and Space, p. 19.

Other Activifies

*  Activity 14: “Stellar Parallax,” Where We Are in Space and Time, Project STAR, p. 99.

*  Acrvity 15: “How Bright At What Distance?,”

¢ Acuvity 16: °
STAR, p. 121.

Where We Are in Space :md Time, Pro;cct STAR, p. 113.
‘How Many 200-wartt Bulbs ° r.quai " the Sun?” Where We Are in Space and Time, Project

*  Acuvity 17: “Using Brighitness To Estimate Steﬂar Distances,” Where We Are in Space and Time, Project

STAR, p. 128.

Grades 7-12 Lessons



"o “How Many Stars,” A Teacher Resource to Enhance Astrenomy Education: Project SPICA, Sponsored by

the Ha.rvard Smithsonian Center for Astrophysics, Kendail / Hunt Publishing Co., Dubuque, Iowa,
1994: p-' 175- ) ’ . ) -“

. "_'Thc Parallax of 2 Star,” A Tedcher Resource to Enpunce Astronomy Eduga:imz.' Project SPICA; Sponsored
by the Harvard Smithsonian Center for Astrophysics. Kendall / Hunt Publishing Ce., Dubugue, lowa,
1994, p. 168. , S

o “Star Counting,” A Toacher Resource to Enhance As
Harvard Smithsonian Center for Astrophysics, Kendas:
164. : ,

1Y Edvcation: Project SPICA, Sponsored by the

' Hlunt Publishing Co., Dubuque, lowa, 1994, p.

Suggested Cylinders
»  Starfield

*  Deep Sky Objects

8 Céfeétial Coor&i'nateé

v Constelladon

fopic of Study 6: The Physical Universe

Concépta-

1. Deep sky objects (nebulae, star clusters and galaxics)
2. Classificarion of galaxies '

3. The Milky Way Galaxy

4. Celestial coordinates system

5tual_eﬁf G!{jec‘b[ves

1 Explain {hiat the universe is s};pand irig. .

2. Understand that galaxies are large aystems of staré held sogether by gravity and bilions of galaxies exist in the
uriverse. 7

5. Discuss nature and types of nebulas, .

4, Explainthat stars form from great élouds of dust and gas knowti @s riebilae and evoive dver triillionsfbillions of

yEArS: ,

5. Show slides of and identify diffsrent types of nebliize, open clusters, globular clusters and galaxies.

6. Using pictures of galaxies, classify thsrﬁ by shape and brigfitness.

7. Explainthat :l:hé sun is only one of billions of stars that constitute our galaxy, the Miky Way:

8. Using the Deep Sky Objects Cylinder, locate the postiions ofvarious deep sky objects.

Q. Using the Celestial Coordinates Cylinder, locate deep sky objects by Their coordinate values. )

10. Using the Celestial Caordinates Cylinder., locate the pla‘ne-of‘th-s Milky Way and tracs its path across the sky at

various times of theyear

B.A.S.S. Volume Activities

e “A Ballooning Universe,” Volume 9, How Big Is The Universe?, pp. 41-42.

»  “Cepheid Variable Stars,” Volume 9, How Big Is The Universe?, p. 19.

¢ “The Expanding Universe,” Volume 3, How Big Is The Universe?, pp. 43-48.
. “Your Galactic Address,” Volume 9, How Big Is The Universe!, p. 28. '

wor
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Other Activities’
*  Activity 19, “Where Are We In thc Mllky Way Gaiaxy? " Where T%Are in Space and Time, Project

STAR, p. 153.

*  Actvity 20, “Determining Galaxy Sizes and Distances,” Wfbm %Are in Space and Time, Project STAR,
p. 165.

*  Acrivity 21, Obsemng the Structure of the Universe,” Where We Are in Spaceﬂmf T'me, Pro;cct STAR,
p. 169.

*  “Name that Star)l,” A Collection of Curricula for' the STARLAB Celéstial Coordinates Cylinder.

Suvggested Cylinders

*  Celestial Coordinates
S Cjbn'st\e'l'iht_'ibn-

*  Deep Sky Objects

*  Starfield

Topic of S;I*l,ld.y 73 fhe Solar System

Conicepts
Earth, meen and suti systém. |
Planess ‘
Asteroids, comers, and meteoroids
Moons of the plariers
Phases of the moon

Ecliptes

. Rotation and revolution

PN AW A W

. Otbiral characteristics

Student Objectives

Understand that the sun is a star zt the center of the solar system.

Create 2 nmiodel to demonstrate that the moon orbits the earth, causing the phases ar the moon,
Creaté a tiodel to detmionstrate that the relative positions of the sun, earth; and moon cause eclipses.
Explain that the sclar system ehcompasses nine plansts, moeons, asteroids, comets, and msteomidé.
Recreate the discovery of planets.

Mzke a model to gather data on the impact that meteors have on the earth.

Understand that the plangts revolve around the sun in specific orbits.

Eecognizephysjcal characteristics of the moon and planets.

® N OO s w N e

P.A.S.5. Yolume Activities

*  Activity 10: “Using a Blink Comparator,” Volume 2, Activities for the School Planetarium,
p. 37. o

*  “Find the Planer Activity,” Volume 6, Red Planet Mars, pp. 8-9.

*  “Telescope Views,” Volume 6, Red Planet Mars, pp. 9-10.

*  “Simulatng The Solar System,” Volﬁme 6, Red Planet Mars, pp. 20-27.

#7 ' Grades 7-12 Lessons



“Observing Phases of the Moon,” Volume 7, Moons of the Solar System, pp. 8-2.

. “'E:vc'plaining the Phases of ;Efxc‘_Mbqn_,”' Volutne 7, Moons of the Solar System, pp. 9-10- -
o “The Galilean Moons of Jupirer,” Volume 7, Moons of the Solar System, pp- 11-13. {f {
»  “Meteoroids and Craters,” Volume 7, Moons of the Sblar‘ System, pp- 24-28.
»  “Building A Lunar Sectlement,” Volume 7, Moons of the Selar System; pp. 29-31.
¢ “Moon Maps,” Volume 7, Moons of the Solar Systent, pp- 3535,
Other Activities ‘ : S :
. Acﬁvity 2: “Keeping a Journal of the Moon’s Motion,” Where We Are 1 Sf_ace_ and Time, P_rojec‘t_ STAR,
p. 8. - ' '
o Actvity 5: “Phases of the Moon,” Where We Are in Space and Time, Project STAR, p 25.
s Activity 12¢ “Scale Models of the Earth, Moon, and Sun,” Where We Are in Space and Tiz_ne, Project .
STAR, p. 88 ‘ - ' _
s Activity 13: “Scale Models of the Solar System,” Where We Are in Space dﬁd Time, Project STAR, p. 92.
e “Calculating the Moori's Diameter,” A Teachei Resource to Enbdm'e Astronomy Education: Project
SPHCA, SpbnsOrcd_ by the Harvaid Stnithsonian Center for Astrophysics; Kendall/Hiint Publishing Co.,
Dubuque, Towa, 1994, p. 33. ' A PR ,
«  “How Bigis the Sun,” A4 Teacher Resource to Erbance Ammmyfdgjmziqrc Project SPICA, Sponsored '
by the Harvard Smithsonian Cenier for Ast_r’op:hysi_cis-, Kendall/Hunt Publishing Co., Dubugueé, fowa,
1994, P 8. . ) . :
»  “Modeling Moon Phases and Ec:'li_Pses,” Earth, Moon tmd' Stars, Great Ex_pior’atipns in Math and Science
(GEMS), Lawrence iHall of Science, University of California, Berkeley, pp. 23-30,
s “Weight On Another Plapet,” A Teacher Resource to Enb@dee-dstranamy Edz’;ga;iqm Project SPICA,
Sponsored by the Harvard Smithsonian Center for Astrophysics, Kendall/Hunt Publishing Cos:;
Suggested Cyfinders
+  Constellation
~»  Starfield
Topic of Study 8t Constellations
Concepls
L Consteliations as boundaries in the sky
2 Constellations as sky markers
3. Historical significanice
Student Objectives '
1 Locate constellations in the p!angtarium/night aky.
2 Discuss the significance ofthe zodiacal constéllations,
% Create 2 model to expiain the meaning of your “sign.”
P.A.5.5. Volume Activities : ' [

Activity 15: “What's Your Sign.!” Volume 2, Activities for the School Planetarium, pp. 53-58.

i T AL A Ans - . 8 ¢



e,
i N

Concepts .
1.

‘!_JJM

Ol'her Aciivities

“Using Star Maps,” Earth, Moon and Stars, Great Explorauons in Math and Scmnce (GEMS) Lawrence
Hall of Science; University of California, Berkeley, pp. 39-49.

“The Big Dipper in Three Dimensions: A Box,” A Teacher Resource to Enhance Astronomy Education:
Project SPICA, sponsored by the Harvard Smithsonian Center for Asrrophysms, Keridall/Hunt Publish-
ing Co., Dubuque, Towa, 1994, p. 157.

“Three-Dimensional Models of Constellations,” Where We Are in Space and Time, Project STAR, p-

139:

Suggested Cyl_.in_ders

Constellation

Greek Myrthology

7 Starfield

Topic of Study 9: Astronomy and Cultures

Origin and evoludon

Historical and social signiﬁcﬁnw

Pr!acﬂcai uses of astronémy

Studen‘b ObJeG'hwes
1. Differentiate between astronomy and astrology,

Discuss how astronomy and its history atfect our understanding of humanity's place in thie univerae:

z.
3. Examinethe .pr‘ig’iné and evolution of mythelogical,
4

Cbrr‘;pa_re and contrast mﬁhélbgies of various cultures,

P.A.S.S. Volume Activifies

s

“Activity 1: “Predicting Today’s Sunset,” Volurme 12, Stonehenge, pp. 12-13.

Acnivity 2: “Reconstucting Stonchenge,” Volume 12, Stonehenge, pp. 13-15.

Activity 15: “What's Your Sl_g_n?i Volume 2, Activities for the Scbool Planetariuim, pp. 53-58.
“Astronomy of the Ameéricas,” Volume 11, Astronomy of the Americas, pp. 11-32. - '
“Stonehenge,” Volume 12, Stonehenge, pp. 10-11.

Gther Activifies

*

“African Skies,” A Collection of Curricula for the STARLAB African Mythology Cylz‘nder.
A Collection of Curricula for the STARLAB Greek Mythology -Cy[iﬂa'er.

A Collection of Curricula for the STARLAB Native American Mythology Gylinder.

“Ancient Models of the World,” Ezrth, Moon and Stars, G;cat Explorations in Math and Science
(GEMS); Lawrence Hall of Science, University of California, Berkeley, pp. 3-8

“The Skies of Ancient China I: Information and Activities,” 4 Collection of Curricula for ihe STARLAB
Ancient Chinese Seasons Cylinder (the Four Beasts):

«Ss - (Grades 7-12 Lessons



Suggested _C_y_linde':"s :

»  African Mjrﬂmiogy

s '_Anc:lent Chinése Seasons

s Greek Mythology

»  Native American Mythology .
. Surfield |

Topic of Study 10: Astronomers and Their Tools

Concepts
Anaximander; Pythagoras, Erastosthenes
Ptoletmny

* Nicholas Coper‘rﬂcus
Tycho Bsahe and ]ohannes Kepler
Galileo
'Sir Jsaac Newron
Albert Eifistein

Telescope

I N N

Specrroscope

—
=

. Rad.io. astroniomy

S'tuden'l.: ObJectwes ‘ '
1. Discoss the significance of the contribution of the ancient Greeks it the developmentof m'athema‘ticai mettiods.

"""" n Hiow a reformatzon came abioist in the Middie Ages by The work of iftellsctuale such 45 Nicholag Copsrmcus

G
-Q‘
g
S
s

Recreate some O‘F The discoveries of Ga liteo.

s anatrate Newton's Laws of Gravity.

Disouse the basic pnnclples of Eiristein’s Theory of Relatwsty
Derriongtrate the significance of the telescope, epsc*rnscope, &hd radio

Explain how various instriments study the duniverse Through the electromag netic spectrum:
&F rational inguiry about natural phenomenon and forms

telescope T discoveries inastranony.

Understangd that the scientific me’l:hod 5. used 45 4 means
the basis for science ivself :

P.A.S.S. Yelume Activities _

. “How to Build and Use a Spectrometer, > Volume 8, Colors and Space, pp. 37-43.

«  “The Galilean Moons of Jupiter,” Volume 7, Moons of the Solar System, pp. 11-13.

«  “The Moon Through a Telescope,” Volume 7, Maoons of the Solar System, pp. 10-11.

Other Activities | |

«  “Ancient Models of the World,” Earth, Maan and Stars, Great Explorations in Math and Sciénce
(GEMS); Lawrence Hall of Science, University of Califernia, Berkeley, pp. 3-8.

¢ “Building and Using an Astronomical Telescope,” Where We Are in Space and Time, Project STAR, p- 72{i -

v “Images From Space,” A Teac ber Resource to Enhance Astronomy Education: Project SPICA, Sponsored

« e



by the Harvard Smithsonian Ccntcr for Astrophysms, Kendall/Hunt Pubhshmg Co., Dubugue, Iowa,

1994, p. 141.
(" e “The Spcctrosoopxc Analysis of Statlight,” 4 Teacher Resource to Enbmce Astronamy Education: Project
o SPICA; Sponsored by the Harvard Smithsonian Center for Astrophysms, Kendall/Hunt Publishing Co.,

Dubuque, lowa, 1994;, p. 111.
Suggesied Cgiinde.rs
s Srarfield

Topic of Study 1 1: Space Exploration

Concepts
1. Advanced astronomy-
2 “Spin—off” techinology
3. Spaccé:réft

Student Ob_;ecbwes
1. Understand that spacecraft bave revolutionized aﬁtmnomy by aliowinig astound:ng observations To be made

outside of the earth’s atmosphere,
2. Discuss How space flight provides a wide variety of beriefits tio moderr civilization.

3. Specuiate on the future of space exploration,

£

B.A.5.5, Volume Activities

o

“Building A Lunar Settlement,” Volume 7, Moons of the Solar System, pp. 29-31.
“Inyisible Colors,” Volumie 8, Colors :étzd'S?tzca pp-20-23.

“The Matiner 9 and Viking Missions,” Volume 6, Red Plaries Mars, pp. 15-17.
“Tour of Moons,” Volume 7, Moons of the Solar System, pp. 13-20.

Other Activifies

*

“Images From Space,” 4 Teacher Resource to Enhaiice Aﬂmmmy Education: Project SPICA, Sponsored. -
by the Harvard Smichsonian Center for Aswrophysics, Kendall/Hunt Pubnahmg Co., Duhuque, lowa,

1994, p. 141,

- Suggested Cylinders

Starfield

Topic of Study 12: Exobiclogy

- Concept

Pessibilities of life in the wniverse

Student Objectives
Understand cellular functions of earth life.

Invent life forms which are adapted to their environment.

3. Discuss twentieth century exobiological studies.

1.
2

£1]e Grades 7-12 Lessons
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P.A.5.5. Volume Activities _
¢ “Creatures From Q;_rnic:_t'bp,” Volume 6; Red Planet Mars, PP- 28-34. ' . .

+  “Exobiology Activity,” Volume 6, Red Planet Mais, pp- 11-1 8. { § .
e  “How Does Your Creature Survived,” Volume 6, Red Planet Mars, pp- 35-39,
‘©ther Activities - : -
e “The Cell Game,” 4 Collection of Cuerricula for the § TARLAR Biological Cell Cylinder.
Suggesied Cylinders ‘ '
s  Biological Cell

. Searfield
Ma‘bhema‘bics
Topic of Study: Mathematics l!s'éu;l in Earth and Space Science Applications
Concepts
Angles and distance micasurements : .
Brightness of stars f
Coo'rdihz__mc systems ‘
Motions of the sun and planets
Parallax
Scale models )
Time ‘ _ A
Student Objectives

Measure the hourly moverment: of the suh and moon.

Use coordinates to plot the _pos_i-i:jons of stars ahd piahstﬁ;
Usé coorditiates to plot §OGa‘ﬁi0ns ofi the eé-r‘vtzh; ‘
Explzin how the distance o stars and plansts are calcutated.
Create scale models oF the salar 5y5t,a1_~'rjn:

Calctilate time in different: parts of the world.

® W pN

P.A.S.5. Activities

e “Activity 16: The Trip to Treasur
e “How Do We Tell Distance By Parallax,?” Volume 9, How Big is the Universe?, pp. 15-18.
» Volume 10, Who “Discovered” Americal, pp. 22-26.

o Island,” Volume 2, Activities For The School Planetarizim, pp. 59:66.

«  “Latitude and Longitude,
*  “Parallax-How Far Is It,” Volume 9, How Big is the Uniperse?, pp. 34-38.

Other Activities

e Activity 1: “Keeping 2 Journal of the Suxn’s Motion,

«  Activity 2: “Keeping a Journal of the Moon’s Motion;’
_ p- &

s Activity 7: “Estimating Size and Distance,” Where

» Where Wi Are in Space and Time, Project STAR, p. 5.
" Where We Are in Space and Time, Project STAR,

We Are in Space and Time, Project STAR, p. 53. - {

s Activity 11: “Solar System Distances Using Patallax,” Where We Are in Space and Time, Project STAR, p..

81.

=



*  Activity 12: “Scale Models of the Earth, Moon, and Sun,” Where We Are in Space and Time, Project

STAR,p.88.
Activity 13; “Scalc Models of the Solar System,” Where We Are in Space and Time, Pchct STAR, p. 92.

*  Activity 14: “Stellar Parallax,” Where We Are in Space and Time, Pro_;cq: STAR, p. 99.
Activity 15: “How Bright At What Distance,” Where We Are i Space and Time, Project STAR, p. 113.
Activity 20: Dctcrmmmg Galaxy Sizes and Distances,” Wrere We Are in Space and Time, Project STAR,
© p. 165.
*  “A Current Affir,” A Collection of Curvicula for the STARLAB Weather Cylinder.
*  “Calculating The Moon’ s Diatneter,” A Teacher Resource to Enbance Astronomy Education: Project
SPICA. Sponsorcd by the Harvard Smithsonian Centet for Astrophysics; KendaH/Hunt Publishing Co.,

Dubudue, Iowa, 1994, p. 33.

»  “Go with the Flow,” A4 Collection af Cummla for the S TARIAB Oceini Currénts Cylmn%r

~ “How Big Is The Sun,” A Teacher Resource to Enbance. Astronomy Education: Project SPICA, Sponsored
by the Harvard Smithsonian Center for Astrophysu:s, Kendall/Hunit. Publxshmg Co Dubuquc, Towsa,
1994, p. 8,

*  “Lostat Sea,” A Collection qf Curricula for tbe STARLAB Ocesn Currents Cylma%r

e “Namie That Srar, A Collection af ¢ Chrricula fbr tbe STARLAB Celeszml Caordzmtes Gylinder.

*  “Sailing With Columbus,” A Collection qf Curricida for the STARLAB 'IVeatber Cylmder

“Weight On Anotheér Planer.” 4 Teacher Resurce to Enbam'e Astranamy Edzxanon Pro_;ect SPICA,
Sponsored by the Harvard-Smithsonian Center for Astrophysics, Kendall / Hunt Pubhs}ung Co.,

Dubuquc, Tows, 1994 : p- 77
*  “Where on Earch am 19%,” A Collection of Cm-rzmla ﬁ:r the STARLAB Earth Cylinder:

Suggesied Cylmders
. Ceiesnal Coordinates

*  QOcean Currents
¢  Starfield
¢ Weather
Social Studies / H:sto

Topic of Study: Earth

Concepts

® Sha?e of the earth

*  Roration and revolution

= 'The seasons

e Latinide and longitude

*  Winds and ocedn currents
¢ Climatic zones

s Time

*+  Plate Tecronics
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Student Objecb:ves
Usifg The earth cylinder, show regxons whiich depar't from spherart

Model the earth’s rotation (day)__ and revolution (year;.
Calculate the length of day for the solstices and equincxes,
Observe the altitude of the sun for each season.

Explam how points an the earth are foind using coordinates,
Syrthesize the connection bs':pwsen_ Qg;gan_ currents, prevaiisg wings, anc pressure systems,

Calcillate time differgntials in various time zones.

BT BTN R N

Show how the ear'th 5 surface g constant y c:haﬂgmg due totiz movements & wlatse and con‘tmen‘tal drift,

P.A.S.S. Volume Activities
o “Acrivity 12: The Reasons for Seasons, Voiume 2, Activities far the School P[anetanum, pp- 41-45.

L. “Activity-16: The Tnp to Teeasute Idand,” Volume 2, A ﬁn‘es_-ﬁ;r the Scbgal P!dnetzﬂumz Pp. 59-G6.
. ‘ﬁsmonomyof'the Axnar_iggs,* VqI_ume 11, Astronomy of wie 4 ericas, pp: 11-32,
siea?, pp. 36-37.

e “How BigIs the Barrh?,” Volume 10, Wa “Discovered” s
s & Stonehengc, Volume 12, Stmebenge, pp 10- 11
*  “What Shapc is the Earth’ * Volumc 10, Who Dzscavered Ainiricad, pp, 3435

Ofher Acinrl'hes ,
.o “A Current Affait,” 4 Collectzm of Currzcula: for the STARLAE “hather C""lmder

o “Go with the Flow,” 4 Callectzau of Curricula for the STARL:: wscean Cuﬂenﬂ‘ Cylenider.
‘o “Lostat Sea,” A Collection of Curricula for the S TARLAB Ogein Crvents Cylinder. ' (
- “Name That Star,” 4 Collection af Curricula for the S’ TARLAB stial Coordinates Cylmder
s “Sailing With Columbus,” A Collection of Curricula for the STAZ!AB W@aﬁ:er Cylmder
“The Chz_ngmg Earth,” 4 Collection of Curricuda for the STARLA# Plate Tecionics Cj/lmder
“T'he Parths Shape and Gravity,” Earth, Moon and Stars, Gieat Explorations in Math and Scxk_ncc
(GEMS), Lawrence Hall of Science, University of California, Berke;cy
“Whete on Earth am [%,” A Collection of Curricula for the S TARLAB Earth Cylinder.

Suggested Lylinders
¢ Ceélesdal Coordinates
e  Farth

»  Ocean Carrents

o DPlate Tectonics

s Srarfield

»  Weather

BT A Y mmmmane : 14
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S‘I'ARI.AB Planetarium Curr:culum Ouilme
 for Asironomy

!m:roaluctlon
Your STARLAB Fortable Planetarium is ideally suited for teaching astronomy The following suggested outling should

prove useful for designing lessons and your grade level currisuluni, Many of the 5uggested topics atd condepts can bs

modified for your stidents as you sse fit.
The outling conszs'l;s of atopic of study followed by a list of concepts for which hew activities miay be désigned. Student

objectives are writteri in performance terms which states what: the learner should be able to accomphsh by the end of
the 5tudy A 1151: oF 5ugges1:ed qylmdersto use m 5TARLAB i also rnsiudsd :

Gu:ds for- Astmnomyand lnterdssclphnary To;;m:s for Gradee '7 ‘52 » or rafertc; the resounc.e Eist at the end ofthe guwie

Topi.§ of Study: Introduction fo the Planetarium and '!'ﬁ._e. Celestial Sphere (50 min.)

‘Sugge'sfed Cyiiﬂders- Starfield

A, Definition of astronomy

Cardinal points — N, E, S, and w

Sky-at North Polé — note positions of Big & Litdle Dipper

Sky 4t your latitude — use the North Star to tell latitnde

Stars — note brightncss and color differences

Locating simple constellations with overldy Orion and Cassiopeia
identify visible plancts (inferior & superio)

Moon —— Phas'es‘ and luriar month“

""‘.':E'.O-m.rﬂ;oosr

- Sunrise, thooxn sets; twilighe

Student Objectives .

Durifg dnd foliowing this program of instruction, students will be able to;

- Récognize and identify the cardinal points N, E, 5, W.

* Locatethe Big and Little Dipper at the North Pole and at your latitude.

- Explain that the height of Folaris above thie horizon in degrees is equal to an observer’s latitude in the northern
hemisphere.

- Orally distinguish between star brightness and colors.

* Locate and identify the following additional constellations: Orion and Cassiopeia,

*  Explain the difference between inférior and superior planets.

«  Récognize and name the earth’s eguator and polzs,

* o ldentify a full, new, and quarter phase moon.
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Il. Topic of Siudy. Celestial 5phere R-e!uiionshi-ps

Suggested Cylinders: Ceiestaai Coordlna'bes Earth, Consteliation, star-ﬁeld

?@fﬁrﬂpﬂ@?

.Farth asa sphere — d.mdes into hemispheres, | fas polcs

. Celestial sphere orientation
' All objects in the sky scen against the celestlal spherﬁ {sun, MO0, .JIanets stars)

Earth's poles — rotates about these poles

Sky poles — sky appears fo_ turn about celestial poles

Earth’s equator — divides into N and S hemispheres

Celestial equatbr ~ divides sk‘y.int'o N and § hemispheres

Eclipti¢: sun’s apparent path a.gaunst Star backgmund ini the course of a ygudr
1. Eclipric’s rclation to the cciesual equator during the ye:ar '
2. Used for seiting planetarium

3. All phnqts and moon fiear e:ciip_r_ic

4; 12 mdlac constellations along ecliptic

I. ) Logal point of referetice
1. Hotizon
2. Zcmth
3. Meridian

Student Objectlves

Foliowirig this program of instruction, students will be ablg o

£}

s equator

Recognize, identify and natie: celestial sphere, riorth and solith célestial poles,
horth and south poles of earth, ecliptic.and celesvial equator: fromi a diagrart of Ui

Recognize, adsnﬂfy and fiame: horizon, meridiar and zenith from a_ilagram of aloez o it of
observation.

Reécall orlook up astronomical definitions forthe points in A afid B abové,

ldertify 2t what twe tities dlring the year the ecliphic and celestial equator cross:

Estplaifi the line where The planets, moot, sun arid zodiag are located.

f*eiésfia”-sphsre_._

I, Topic of Study: Light in Astronomy Demensirations !

A. Light and sound

B.

A~ AT AN e menm

Dispersion of white light inte spectrum (R-O-Y-G-B-1-V}
1. Prism :

2. Diffraction grating

Polarizing light

1. Light from source vibrating in 2t directions

2. Passing through single polarizer emirs only light vibrating in one plane; passing through second at right

angle cuts off all lighit

3. Double polarizer demonstration

el

et
B 4 Y
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D. Fluorescence and phosphorescence .
1. Light emission from ultraviolet, stimulation {long and short wave) — use chalk 1nk, minerals that
ﬂuoresce under U-V light, relate to fluorescenr lighting ' :
2 Phosphorescent minerals and paint — gives off light with no external stimulation
E. Light from an electric arc — carbon arc demonstration

E ng_ht- froma s_ound-modula_tcd hg_ht_ generator

Student Objectives
During and following ﬁhls program of instruction, students will be able to
B DISPSI“EB light into a spectrum with 2 prism and a diffraction grat;ng
- Recdl arid recite the exact order of colors in the s_pec'r,mm.
. Observes prepared slide on the theory of polarizing lig ht
"+ Useavariable densfty fitver to polarize light and. r*_sfiaté observations to..p.rrepanr_ad slide.
- Distinguish betwesn and ldertify fluorescent minerals from phosphorescent minerals.
. Relate observations to ﬁuor‘escent Ilghtmg and explaiii How a “ﬁuorescent light works,
Collect: ca rion rods and observe operation of a carbon—ar'c lamp takmg necessary precautioﬂs to pr‘otest Byes.

. Questlon the openatmn ofa sound modula‘;ed hght gensra'l;or

v, ?glpfs' of S,iudy: Light in Astrenomy Demonsirafions H

A. Lightand sound. - " '

B. The spectroscope ~— observe 3 types of spectra. continuous from projector bulb, bright-line from fuorescent
lights, dark-line from sunlight reflected off  light object: (Cardboard and plastic spectrometers are avmlable
through Projcct STAR, ¢/o Learning Technologies, 1-800- 537:8703.) : -
Fiber optics — “crofon” used to bend light around comers; light passes in and out of esids only
Reflections — flat mitrots, concave, convex, (relate to telescopes) ' ' '

Refraction (lenses) — convex (converge and magnify), concave (divérge'nt and reduce)
Light versus distance < use light meter to measuie footcandles at 1, 2, 3, 4 and 5 feer from light source
(hopefully develop a good approximation of Inverse Square Law Refationship)

Effecrs of U-V light on fluorescent paing chalk, posters

@

Student Objectives
During and following this prograin of instruction, students will be able to:
Observe cortinuous, bright-line and dark-line specﬁ"a' and differentizte between thsnﬁ.
+  Demonstrate ability of fiber optice material Lo bend light around corners.
Experiment with and descrive dif?erences‘betWeEH reflections off of flat, concave and convex mirrors.
*  Experiment with and déscribe effects cotivex and concave ienses have on light,
USE'a_l'Eght meter to read intensity in foot-candles and draw conclusions about how intensity of light falis off with
distance. :
Observe efects of utraviolet light on flucrescent paint, chalk, posters,
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V. Topic of Study: M:iky Way, Here We Come

Suggested Cylinders: Celestial Coordinates, Deep’ Sky Objects, .,;tarﬁeld
A. Classifying stars ‘

1. Distarice — miles, AU, light years, parsecs . _
Magnitude — lower number = brighter, higher number = dimimer
Sizé — dwarfs, mlddle-smed giants, supergiants

Color & tcmperaturc — biue—whlte = hortest, white, yci;ow, grange, red least hot

. Relate 1 to 4 above by showing example stars and classifying thera

VU

Uniusual types of stars

1. Multiple stars —— binaries, triple-stars {give exa.mplcs)

2. Nova & superriova — & examiple and resules

3. Vatiables — Delta Ccphci classic example (vale in derermining stellar distances)

C. Relats typcs of stars to mclusmn in Mﬂky Way Galaxy and other ga.lmes

Student ObJsc‘btves
- During and following this prog rarn ofinstruction, students will be abls tor

Cite at least Hunits for mezsuring stellar distances.
Comipare the brigjhtn&ss of several magnitiide nuribers of stars.

C]assify 'asrd'Wa-rF, middle-sized, aiant, stipergiant:

. Observe znd identify the color of at least 10 bright: stars.

Locate, poirtout and observe 2t \east one binary gtan

Locate, polrt out ard observe at least orie variable, pulsating star
Locate, point out and observe at ieast ong supenova | in planetanum Xy

Locate, pomt out arid observe the plane .of‘j;hs Mﬂky Way in STARLAB usmg the Ce sstxal Coomlmates Cyimdsr

Vi. Topic of Sfudy: Surveying the sky

Suggested Cylinders: Celestial Coordinates, Deep Sky

Objects, Earth, Starfield

A. Surveying the earth ~— review of latitude and longitude

1. Larirude measured in degrees N & S of earth’s equator

2. Longitude measured in degrees E & W of prime meridian

Surveying the sky
. Horizon system

2. Altitude — number of degrees above horizon (not good because changes with latirude and time)
b. Azimuth — numbet of degrees measured W of N end of meridian (not g oood becausé changes with
time) ' o
2. Equatorial system
a. Declination — nustiber of degrees above or below celestial equator {remains constant)

b. Right ascension — hours and minutes east of versal équinox (remains constant with time)

- iR -

R



Locating objects using the cqua‘torial system (deciination and righ ascension)

1. Andromeda Galaxy, Crab Ncbula Orion Nebula, Ring Ncbula

). Surveyors use horizon system, astronomcrs usually usé equarerial system — telescopcs usuaHy ﬁttcd with

equatonal mountmgs ' ,
Deep sky ob}ects are oﬁen kmown as Messier objects {ex. M31) or NGC (New Gcncra.l Camlog, ex. NGC

7217)

Student Objectives ,
During and following this program of instruction, students will be able to perform the following tasks:

)

Measure one location for N & S latitude, and E & W longitude.

Meaéure Heldht of at leagt 4 objects above horizon i degrees aloha meridian,
Measure height of at ledst 4 objects above celestizl equiator along meridiar.
Measire azimiuth of at least 4 objects east from Nor'th Star Folaris,

Measure mght ascension of at least 4 objects east ﬁ~om vema] équinox:
Locate these objects using dsclmatlon and right ascerision equatorial coordinates: Crab Nebula, Orion Nebula
Andrormeds Galaxy, Ring Nebula.

Stzte which coord;natgz system surveyors Usé and astronomers use.

VIi. Topit of Study: Constellafions — Circumpolar

Suggested Cylinders: Constellation, Deep Sky Objects, Greek Mythology, Starfield
A. Definition of constellation; niymbers recognized in ancient times (48); numbers n:’co-g_-_z_li_Zed tqdﬁy (88)

B. Circumpolar constellations (why called ¢ircumpolar)

1. Ursa Major
-a. Other riarmés for constellation — Big Beay, Big Dipp;r
b. How to locate = look north for Jarge dipper 'shapc
¢. Important stars — Mizar-doublé star riext o ias: stat In handle {“Pointer Stars® Dubhe & Merak)
d. Other important objects
1. Galaxy M-81 S_pxra-i
2. Galaxy M-82 Irregular
2. Ursa Minor
2. Other names — Lirtle Bear, Litde Dipper ‘ ‘
b. How to locate — Follow “Pointer Stars” of Big Dipper to North Star
¢. Important stars — Polaris, North Star (sky appears to turn around this star which is last star in handle)

3. Cassiopeia
a. Other names — the Queen, the Lazy “M” ot “W”
b. How to locate — look on opposite side of Little Dipper from Big Dipper, look for “M” or "W~ shape
c. Other important objects — Great Nova in 1572 in Cassiopeta could be seen in daylight

4. Cepheus

a. Other names — rhe ng “Lirdde House”
b. How to locate — line drawn from “Pointer Stars™ through Polaris brings you to star at top of little

housé shipe (next to Cassiopeia, the Queen)

S Grades 7-12 Lessons



e Impo:taﬁt star — Delta Cephet, first Cepheid variable star discovered just below base of house shape

5, Draco S ; _ . .
2. Other names — the Dragon . S ‘ . (¢
b. How tc_é Jocate — tail between dippers, swings around Little Dipper, 4 stars form head
¢ Important star — Thuba, former '_Noi'th Star 2000 jeﬁs ago used by Egypuans to orient the pyra_mids,
3rd stat from end of tail : ' :

C. Review the 5 major circumpolar cons

rellations (note the alisence of very bright stars in this region of the sky)

Student Objéctives : ‘
During and following thig program ofinstruction, studerts will be ableto:
Defirie consteliation, circumpolar. ‘
- Rectte how many constellations ancients naied: how many namied toaay.

Name and locate features urider 2, 5,6 anddfor ;eadh.qo‘nsﬁaﬂati’on;

VIIl. Topic of Study: Fall Constellations -
Suggested C;yﬁrid_e"r-s: ansﬁellation,- Celgstial Coord i'r’iafe_s, Deep Sky Obj_éct’s, Greek Mythology,
Starfield ' - -
A. Poorest season for obsc_:rving-bright‘ stars, bur good for viewing othér astronomical objects
B. Review circumpolar co_ilsjt;ll_atim:;&
C. Constellations of fall : | 4
1. Pegasus {
4. Other hame — Wingéd Horse
b. Hoﬁ to locare — line drawn from Polarts

" Pegasuy

1 pqgh west end of Cassiopeia hits the “Great .Squarc-’* of

" ¢ Important star— Alpberarz, a rriple star copatnon o Pegasus and Andromeda
d. Other important objects —- Galaxy in PPé:gasu's NGC‘733I Galaxy in Pegasus NGC-7217
2. Andromeda '
4. Other name — Chained Lady
b. How to locate — same as Pegasus, CORNECTS

to “Great Square” at Alcheratz, lazy “V” shape
le star common 1o Andromeda and Pegasus :

Iy

Important star — Alpheratz, 2 trip
. Other imiportant objects -— M-31 Great Andromeda Galaxy: brightest galaxy o unaided cye, much like
our Milky Way excepr slig dy larger, abourt 2.2 million light years away. Note saellive galaxies —
_ Satellite Galaxy left of M31, Satellite Galaxy right of M-31 {M32)
3. Auriga _
-a. Other pames — che Charioteer, the “Big House”
b. How to locate — line drawn from top stars of Big Dipper’s bowl points to Capella

c. Important star — Capelle, a bright yellow star
d. Other important objects — Nebula IC405 in Auriga, the “Kids” star clusters near Capella _
_ ‘ : ¢

4. Perseus
{1 - =
4. Other name — Lazy “A” or SR
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'b. Howto locate — look close to Cassiopcia,'onc leg of “"A” points to Plelades, another to Auriga

¢. Important star —— Algol, cclipsing binary {double star with the 2 stars 13 _miﬂion miles apart), changes
in brightness, called the “demon” star since ancient times

d. Other important objects — double star cluster

5. Point out Cerus

Student !::;sftsves
During and followinig this program of instriction, the studsm:s will be able to:

Recognize and indicate poorést season for observing bright stars, but good for viewing deep~sky objects,
Review and locate the 5 maj_or circumpolar constellations i the sky:

“Name arid lo‘szté featires _uhdaf“ 4 b ¢, and d for each copstellation,

IX. Topic of Study: Wih'ie_r -Con_s!el_lui_ipns 7

Suggested Cylinders: Constellatton Ceiestlal Coordinates, Deep Sky Olg;ests Greek Mytholagy,
Starfield :
A. Late wiriter — best for observing bnght stars, also excellent for wcwmg deep-sky objects
B. REVIE'W fall conseellarions
C. Constellations of winter
1. Qrio'n
a. Other name — thie Great Hunter
b. How to locate — look seuth for 3 bright stass in 2 row close togethier forming belt with 4 other bright
stars making a rectangle around the 3
¢. Importanc stars
1. Berelpeuse ~— a red supergiant
2. Rigel —a bluswhite supergiarit, Bri_gh_te:st in Milky Way, one foot
3. Beﬂatrﬁc
. 4, Mintaka — on celestial equaror
d. Othier important objects (note Trapezium)
1. Greatr Orion Nebula M-42
2. Horschead Nebula NGC-2024
2. Taurus '
Other name ~- the Bull
How 1o locate — line drawn north through Orion’s belt brings you to bright star Aldebaran in Taurus

Important star — Aldebaran, orange-red giant at bull’s eye

fopop

=W

. Other important objects
1. The Pleiades — star cluster (wound on shoulder)
2. Pleiades with ncbﬂ.[osi"y
3. Hyades — star cluster around bull’s eye
4. Crab Nebula M-1 berween horns which is result of 2 supernova explosion in 1054 recorded by

Chinese astronomers

. 21. ] ' Grades 7-12 Lessons



3. Canis Ma}or

a. Other name — the Big Dog (huntmg dog of Orion) -

b. How to locate — line drawn southeast through Oriox’s belt brings you to Sirius (bnghtcst star in the

c. Importa.nt star — Sirius, brightest star in the sky at magu:
years away), acrually a double star (small companion isa b‘

Dog Days)
4. -Canis Mmor
a. Other name — Lirtle Dog (hunting dog of Ormn,
b How to locate — line drawn dxrectly cast from Betelgsuse in Osion zakes you to Procyon
white star and bright; only ¢mie other star in this constellation

irude 1. 6 one of closest to earth (8.8 hght
.e-white star called “Dog Sta: — explain

G Imporrant star — Procyon,; 1

Student ObJecttves

Durirg and following this prograim of instruction, the students will be able o,

Recognize and indicate best season for observing bright stars, deep sky #2016 (but poor for
observiig Mi!ky Way) )
Review and locate 'I:he & mzior Fall cons‘l:el]at;ons in the sky.

Name ahd {oc:ate those features under a, B candd ﬁ:r gach sonste[latlor

X. Topic of Study: Spring Consieliations

" Suggested Cylinders: Constellation, Celestia

ial Coordinates, Deep Sky Objests, Greek Mythology,

Starfield

A,
B.
C.

Early sp_ringﬁ is excellent for obscrving bright stars, not as rich in deep sky objects
Rewew wititer consteliations ' '
Constellations of 'sprih_gz
1. Gemini
a. Other name ~— the Twins
How to locate — line drawn through Rigel and Betelgense norrh and east brings you to Castor and

Pollux
Important stars — Pollux, a
Other important object —— open cluster, M-35

bright red-yellow star (left), Castor, a green double-triple star (6 in alll)

o

f-

2. Leo ,

a. Orher riame —— the Lion

b. How to locate — draw line of Big Dipper’s bowl s
Regulus, blue-white giant almost on cchpuc, Denebola

outh to Regulus and the “-siﬁ:—klc—shapé”

c. Importanr stars —
" . Other important objects — very dim galaxy clusters
3. Bootes
2. Other name — the Herdsman
b. How to locate — follow curve of Big Dip’pef’s_ handle to bright star Arcturus

¢. Important star — Arcrurus, Very bright orange giant star at base of “kite”

s and look for “kite” shape

Pl
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4. Virgo _
a. Other name — the Virgin
b. How to locate — follow curve of Big Dxppcrs handle through Arcturus and on to bright star Spica,
-+ look for “Y” shape opening toward Denebola
¢. Important star — Spica, blue-white 1st magnicude stat
/- d. Other imporeant objects — cluster of galaxies; Sombrero Gﬂlaxy, M104
5. Cancer
a. Other name — the Crab _
b. How to. locate ~ look between Gernini and Leo, smﬂl and dim
c. Important stars — no brfght ones, all quite dim
d. Otheérimportant objects — Beehive or Priesepe Cluster M44
. 6. Locare minor constelladons Coma Beremces and Caries Venatici between Leo and Bootes below B1g

Dipper

Student Objectives
During and foliowing this program of instruc‘l;ion students will be able to:
Recoghize and indicate excellert. 532150:1 for observing bright stars, not asrich in deep-sky objects; béttar for
obsarving Milky Way .
Revigw dind | ocate the 4 major epring coristellations iti the sky.
Natrie and locate 1i:lflcns'f:_ featires under 3, b, ¢ and d for each constellation.

XL, Yopic of Sfudy. Svmmer Censiellui'lons

Suggested Cylinders: Constellation, Celestial Coordinates, Deep Sky Ob_]es'bs Greek Mythoiogy,
Starfield
A. Simimer sky — rich in bright stats, bese for obscrvmg Millky Way, somerimes obscured by SmMog, haze, erc.
B. Review spring constellations
C. Constellitions of summer
1. Corona Borealis
a. Other name — the Crown
b. How to locate — find Bootes; “U” shape just east of Bootes
2. Hercules
a. Other name — the Kneeler, Strong Man
b. How to locate — locate Corona, just cast lies thc keystone shape of center of Hercules with scrawling

arms in 4 directions
Other important objects — M-13 Globular Cluster (black & whire) aiong western side of keystone 2/3

of the way up-
3. Lyra

a. Other name — the Lyre
b. How to locate — continue eastward line from Hercules and look for very bright star Vega and diamond

shape

c. Important star — Vega: brightest star in summer sky, blue-white giant, forms part of summer triangle
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. of Vega, Deneb, Altair

d. Other important ob]eccs — M- 57 ng Nebula bctwecn hotrom stars of diamonci

4. Cygnus
2. Other names — the Swan, Northcm Cross
" b. Howto locate — contiriue eastward line from Lyra and look c;on'sp'icuous cross shape
© c. Important stars — Deneb: bnght, white star ar tail, forms dart of summer trianglé Vega, Deneb, Altair.
Albireo: spectaaﬂar orange and blue double stat; at head of swan

* d. Otherimportant ob]ects _— Veil Nebula NGC-6992

5. Aquila
a. Other names — the Eagle, the Anchor

b. How to locate — lirie drayn just south a_nd cast of Cygnus

c. Important star — Aleait, bnght white star néar head of cagle forming part of summer mangle of Vega,

" Dernieb, Altair
d. Orcher 1mpon:am ob} ects (small nearby constcllations) — Sagltta,

brings you to anchor shape

the Atrow; Delphinus; the Dolphin

6. Scorpius
© 4 Other name — thie Scorpion
b. How to locate — lock in southern sky for glant fishhook shapc,
star
c. Imiportant star - Anitares, red supergiant at heart of Scorplon

threc stars in row for front, bright; red

7. Sagittarius
a. Orher names — the Archer, the Teapot _
5. How to locate — look just east of Scorplus, small milk dipper shape f
c. Other important objects — the Milky Way is rich ‘here, This direction is looking toward the centet of
our galaxy: Trifid: Nebula :
D. Summer triangle of Vega, Deneb, Altair '

Student Ob_]eattves
During and following this program of instruction,

Recognize and indicate season rich In bright stars; best
obscured by smoks, smog, haze. :
Review and locate the 5 major spring cons’te]lat;ons inthe sky.

nd locate those features under a,b, ahd d for each constellation.

stiderts will be able To:
for observing MlEky Way skies of suimmar fraquentiy

Name a

Xil. Topic of Study: Mapping she Stars I — Circumpolar, Fail and Winter 7

Suagested Cylinders: Constellation, Deep Sky Ob_;ects Greek Mythology, Starfield

A. Circumpolar constellations
B. Fall constellations

C. Winter constellatons ,
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Student Obj jectives
During and following this program of instruction, the students will be able Lo

Recogriize Ursa Major, Ursz Minor, Cas»slopela Cspheus Dr‘aco. Fegasus, Androtmeda, Auriga, F‘erseus, Cetus, Orion,
Taurus, Canis Ma_]or Cariis Minor, Lepus, Motioceros, circle them, give the correct name and st filckname if given a

star map contairing circumipolar, fall and winter constellations.

Locate those bright starsin each conste]]atron which were bainted out and name Ther, recogn;zmg names From a
prepared list, L

Locate other important objects (galaxies, nebulae and star clusters) which were pom‘bed outin above constela-
tons and label them recoghizing names from a prepared list. ' .

XIll. Topic of Study: Mup’pi_'n'g" the Stars If — Circumpolar, S’pring and Summer

Suggested Cylinders: Cons‘be[[atlon , Deep Sky Objects, Gr‘eek My'bhology, Starfield
A: Circumpolar conistellations
" B. Sprm_g_ c_:o.nstcllgnons

C. Summeér constellations

Student Objectives :
During and followmg this program of instruction, studsrts will be able to:
.- Rscogmze Ursa Major, Ursa Minor; Cassiopeia, Cephevis, Draco, Gemiri, Leo; Bootes, V'mo Cancer, Comia Barenices,

- Canes Vengtici, Corona Boneahs, Heréules, Lyra,-Cygnus, Aguild, SGorpl Lig; Sagrl:tar-[us Vega Derigl; Alvzin They will
be able to circle thém, give the correct narme atid one riickriame for them (drawmg linesto miake the figure optional)

i# gwen amap cottbaininig ciecumpolar, spring and summer consteliations,

Locate those bright stars in each consteliation which were pointed out and name the.m, racbghizitig rathes fromi 4
prepared fist, . : :

Locate ather important objects (galax;es nebulae, and starclusters) which wepe pointed out inabove conatella—
tions and labei them recagmzmg names from a prepaned ligt. .

XiV., Topic of Study: The Age of Aquarius

A. Compare definitions of astronomy and astrology
B. Define zodiac, where it is locared, and how it was set up gnd is currently changing
C. The 12 constellations of the zodiac — Aries, Taurus, Gemini, Cancer, Leo, Virgo, Libra, Scorpio, Sagittarius,
: Capricomus, Aquarius, Pisces -
D. Conclusion _
1. Review manner in which zodiac was set up

2. Examine astrology versus astronotny — ancient times and present

Student Objectives -
During and following this program of instruction, students will be-able to:

»  Differentiate betwsen astronomy and astrology and cite which was derived from which,

+ Define zodiac, where it-is located, how it was set up and currerttly changing.
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Ob5erve 12 signs of the zodiac, period of year it governs, brief legénd about i,

Speculate or: ‘the future of as‘i;ronomy over the next couple ofdécades ahd centuries.

XV. Topic of Study: Muih;emqfie"s — As if I;i_e‘li:igs fo Asironomy

Suggested Cylinders: Constellation, Earth, Celestial Coordinates, Starfield

L

Introduction to the Planietarium dnd Orientation
A. Definition of astroriomy versus astrology

B. Direction orientation of cardinal poinfs

C. Sky at Noxth Pole . |

D. Latitude by altirude of Polans, azimuth

E. Earth Cylinder to locate egquator and poles: Recall how 1at1tudc is measured

E Relate “E? to celestial equator and polcs anid measure astronomical latitude (d;clinaitiqn)

G. Earth Cylinder to recall Iongn:ude mcasurement
H. Relare “G™t0 cclcstxal 1ong1tude (right ascension)
I, Measure several earth 1ocat10ns in lagtude and longitude
J. Measure sevezal celestial objects in declinatior and right ascension
K. Studetits will be able to mcntfy 2 full moon, riew-moon and quarter phase moon

L. .$tdents will successfully jocate the cardinal poitits N, E, S & w

Student Obj Jectwes
During and following this program of instruction, students will be able to:

 Explain that the height of Folaris above the torizon in

Rccogmze ahid identify The Cardinal Foints N, E- 5, W,

Locate the Big and Little Dipper at the North Pole and st your latitude. _
degrees i equal t6 an observer’s latitide in northerm

hem |5phsre

* Orally distinguish between star brightness and colors,

Locate and identify the following additional consteliations: Orion.and Cassiopeia
Explaii the difference between terms inferior and superior planets.

Recognize and name earth’s equator and_po‘]eﬁ.

XV1. Topic of Study: Calculaiing Time from the Celestial Clock

Suggested Cylinders: Starfield

Student Ob‘;ectwes
During and .ollowmg this program ot instruction, students will beable To:

A. Locate Big Dipper, Little Dipper, “Fointer Stars™ and Polaris.

B. Explain relationship of “Foirter Stars” toFolaris.

C. Read “Big Dipper Time” and acquire month numibzer.

T~
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Do sample time problems using formula: 53 - 2 (M + C) S where M -monthno, S = staridard time, and C = time on

the “Poifter Sears Clock.”
Have students develop why the minus (=) In the formula; why the 2 in the formula; and why the

_constant 53.

Further devet op the formula: 53 - 2 (C + 9) ST whiere 5T = sidereal time,
Complete formula de.ve]apment: B3-2:(C + M) - 5T= RA where GT = Greenwich time and RA = the local hours of

right ascension,

XVil. Topic of S'Iudy. Geemelry of Latitude by the Pole Star

Suggested Cyhnders Starﬁeld

En‘t;udant- O_b_}_e’c"l;xves
Duting and foiquing this prograrm of instruction, studerits will be able to:

.

Recite dur koivie latitude; read 2ltitude of Folaris,
Repeat for 2-other kriown latitudes. ‘
Define zsnrbh elestial equator, ¢ celestial poles, horzzon, msnd;an

Recite dsﬁmtmons of complernentary and supplementary angles. -
Consgtruct, explain arid devslo;: relationships among ali parts of developed dtagram according 1o géometrical rulés

forcomplementary a hgles:

The angular distance from the equater (F) to the
zenith {£) (along the meridian), is the complement of
the disténce from Z to the pole (P) since their sumis
90% The distance from the north poift (Non

the Horizon to P is the completnent of the distance
from F to Z. Since completaerts of the same angle
are équal, N-F, the altitude of the pole, is equal 16 Z-
E,the IatltudP of tha observer
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Resources Available from LTI

The foiiowmg resources used in this seciion are avgilable from:

Learning chhnologles, Inc., 40 Cameron Avenue, Somerville, MA 02144,
Phone: 1-800-337-8703 or 617-628-1459. Fax 617-628 86006.

' STARLAE Cylinder Guides
1. A Collection of Curricula for the § TARLAB African Mytbalogy Gylinder
2. “A Current Affair,” A Collection of Curriculs for the STARLAB Weather Cylinder
. 3. “Go Wirh the Flow,” A Collection of Curricula for the S TARLAB Ocean Currénts C'ylmder
4. “The Skies of Ancient China I: Information and Activites,” A Collection of Curricula for the STARLAB
Ancient Chinese Seasons Cylinder (The Four Beasts) R
“The Skies ofAncmnt Clnna : Information and Presentations, A Cailectiorz’_ofCﬂfricula for
the S TARLAB Arzczent Chinese Legends Cylinder
A Collectwn qf Curricula for the STARLAB Biological Cel[ Gylinder
A Collection of Curticula for the STARLAB Celestial Coordinates Cylinder
A Collection of Curricula for the S TARLAB Constellation Cy[mder
A Collection of Curricula for the S'TA_RLA.B Deep Sky Objects C_'ylmder
A Collection of Curricula for the S TARL&B Earth Cylinder' 7
A Collection of Curricila for the STARLAB Greek ﬂ{ytbolagy‘(fylmder ' . {:‘i
A Collection of Curricula for the STARLAB Native: Amerzcan Mythology Cylinider
10. A Collection of Curricula for the S TARLA.B Plate Tectonies Cylinder

11. A Collection of Cummla ﬁir the § T'ARMB Starfield Cy[mder

w

S A T RS B -t

Planetarivm Acfivities for Student Success (P.A.5.5.)
Volume 2, Activities for the School Planetarium
Volume 6, Red Planet Mars ‘
Volume 7, Moons 6f the Solar System
Volume 8, Colors and Space
Volume 9, How Big is the Universe?
Volume 10, Who “Discovered” Americal
Volume 11, Astronomy of the Americas
' Volume 12, Stonebenge

f=—

N

N Y

Project STAR Hands-on Seueme Materials (developed by the Harvard

Smiit:sonian Conter for Asirophysics)

Where We Are in Space and Time Activity Book _
2. Spectrometer, holographic diffraction grating, refracting telescope and many more hands-on {
interactive activities 4

3. Free catalog of materials

2R e
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Great Explorations in Math and Science (GEMS) series (developed by the
Lawrence Hall of Science, University of California, Berkeley)

' GEMS Guides

1. Co[orAnal_yzers, Teacher’s Guidc, Grades 5-8.

2. Earth, Moon and Stars, Teacher's Guide, Grades 5+9.
3. Myons of Jupiter, Teachers Guide, Grades 49,

Anoiher Resource:
A Tedcher Resouice To EnbanceAsmnamy Education, Project SPICA, Sponsored by the Harvard
Smithsonian Center for Astrophysics, KtndaH/Hunt Pubhshmg Co 4050 Westmark Dtive,
PO. Box 1840, Dubuque, Towa 52004-1840. ' -
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Grades 77 2 Gibliography

o resource materials for l:cachingwith a STARLAB
»lanetarium educators and astronomers and-are
= freely Phomcopi;d for local distribution to stu-

The materialé included in this section are a collection of the 5=
- Portable Planetarium. They are drawn from the works of man -
" reproduced here for general educational use. Selected iteris ma
dents and others if it serves a legitimate educational nieed. Orthe.

contractual agreement with the original publishers. These materz.  are reprodiiced from these publications:

Astronamy. Moqtlﬂy ﬁlagazinc-. Kalmbach Publishing Co.: “qukesha, W1.-
Dickinison, Terence and Sam Brown, The Edmumi Sky G, ™ Edmund Scientific Co; New Jersey:
1977. B | S
Marble, Stephen, PE.D, creator and Marilyn Fowler, PhI | ec 5 Astromomy: Minds-on.the

Universe — Supplemental Teaching Activities for. Grades 7. <+hwest Educarional Development

 Laboratory, Austin, Texas.
" Pusaachoff, Jay M. A Field Guide to the Stars and Plass. % 3+ ¥ Company, Boston.
1992. - '

Planetarian, Journal af the International Planetarium 3o, cdag, CA,

Plavietarium Activities for Student Success, Holt Planetarii e Hall of Saence, University of

California, Berkeley; CA 94720, Available fom Learning i 455370703 or 1-617-
628-8606. )

Planetarmm Handbook 1 974 International Society of Plar "4 Camact: Me Frank
Jertner ISPE Execurive Director, Depr. of Astronomy and 8« A i G
York at Albany: ‘ '

Schaaf, Fred. Secing the Sky — 100 Projects, Activities, and Expic - =55 % suopy. John W iew
& Souns, Inc., New York. 1990, - ,

Schaaf, Fred. Seeing the Solar System — Telescopic Projects, Activitse  owd Be'  olons in As-
fronomy. Jotin Wiley &z Sons, Inc., New York. 1991.

Sky & Telescope. Monthly magazine. Sky Pubiishing Corporation, Car: =ridge, .

Tapes of the Night Sky, Astronomical Society of the Pacific, Contact: Tom CGares, 7 Sciénce
Center of Foorhill Communiry College, Santa Clara, California.

Tips for Orientation Activities, Great Lakes Planetarium Association, Contact: Tran . ¥napp,

1L.S. Noblitr Planetarium, East Senior High School, Columbus; Indiana.

Tips on Developing and Fresenting Planeiarium Programs, Great Lakes Planetz: .m - selaeis.

Contact: David Hoffman, Director, Reiser Planetarium, Wyoming, Michigan.

Under Roof Dome and Sky, Middle Atlantic Planctarium Society, Contict: Lee 7.aA. . g
Fort Hunt Planetarium, 8428 Forr Hunt Road, Alexandria, VA 22308.

The Universe at Your Fingertips: An Astronomy Activity and Resource Notebook, edited bjr A
Fraknoi, et al., Astronomical Socety of the Pacific. Available from Learning Technologies, 1-8(
8703 or 1-617-628-8606. : )

Time. Developed by Project STAR at the Harvard Smithsonian Center

Where We are in Space and
for Astrophysics. Available from Learning Technologies, 1-800-537-8703 or 617-628-8606.

<se, thése tnaterials may not be reproduced except by
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Extension Activities for
Grades 7 and Beyond

Note
The followihg activities are p;cked up from an oldérversior ofthe STARLAB User’s Mariual and althisligh most are hot.
meant spemﬁaa!ly for STARLAB, they tay be useful as extension activities for Lippet” levels, Some of these activities

could ke tised as supplementary activities to accotrpany and/or enhance the objectives ih thé “Planetarium Curriculum

Outdiris for Aetroraomy ot pages ‘15 thr-ough 2‘7

£

Grades 7-12 Lessons
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s Guide fo Using Extension Activities
| for Grades 7 and Beyond |

e

Introduction 7
This is a statement of the purpose and content of the activity: It sets the tone € the student investigations to come and
st an hour, for others, double sessions

briefly describes them. For most activities, planetarium procedures will take abs
or several'sessions may need to be arranged. The introduction will alert you t6 cizra tdme required.

Student Preparation

Content ba}d’{_g:ound_ ijndic_:i_tc‘s- the sgi_é;;ﬂqs knowlcdge
experience unless thesé will be spccﬁca.lly introdueed
of in the introduction are suggestions for linking the activity with various sclence programs.

and skﬂls needeéd by_ the sn%dcn_t:_ Pr@o_;to the _pla.r_;egarium
in the classroom activities described. Oceasionally iricluded here

Facts and Concepts _ ,

These are statements of the major ideas that are developed as well as certsin well-established facts about the universe
that are valuable for permianent retention. .
Objectives | .
The first dbj"ect:ivc for each actmty 1§ the pnmary or te:rmlnal bchaworal civsge the sn:id:cgt shquld 'b_c able to demon-
strate as a result of the acrivity, The additiopal objectives are éither supportive or “spin-off” objectives, =S_uppo_rtivc'

' objecrives are those the smdent.shou}ld,"be able 1o achieve to mieet the termifist objective; w}ulc ‘_"spin-'off"" objectives
include those the student may accomplish 25 a result of meeting che termiing: <bjective; I 2 srudent achieves the. -

- tetriinal objective biit does not .a_cc':ox_npﬁsh the additional objectives listed, b she has succeeded, For the studerit; the

TR

lesson may be considered a success:
Materials for the Classroom

This is a listing of the iterns necessary for the clagsroom phases of the activity {biath pre-
for standard ¢lasstoom items. If certain materials of equipmient are cqmm'ercial}_y produc’:ec{_, the source will be given

hereé or later in the resource sccrioii.

and post-planetarium) except

Materials for the Planetarivm
This is a listing of marerials and equipment necessary for the planctarium phase of the activity,
projection equipment assumed to be available in every school planetarium.

other than standard

Procedures for the Classroom .
These are inscructions for carrying out activities to be conducted in the classroom before the planetarium investiga-
tion. These activities review necessary content background, introduce new coticepts as required, stimulate interest, and
set the stage for the planetarium expericnces. Unless these activities are completed by students, the planetarinm
investigation will have littie meaning or relevance for them. In all instances, the teacher should expand these acrivities
as appropriate and necessary for the group. .

Procedures for the Planetarium

This phase of the activity is designed to be in’q_uiry—ori_enied, action-filled and stu_dcnt—ccnte’red. The prc)ccdurai
instructions aze given in chronological order. The planetartum direcror, through his own teaching approach and
teaching personality, can enhance this phase. This part of the activity is not meant to stand alone or to be finite in
itself; but in partnership with the classroom phases of the activity, it is designed to bring about measurable behavioral

growth on the part of students.

Py



_ Vocuhulary

activi

o
o,

. Follow-Up Activifies

It is through ac:tiviﬁcs_back in the élass_robm_ that students will analyze their planeta_:ium experiences and integrate new

. lea.rniﬁg into their repertoire of knowledge and skills. The suceess of the preceding classroom and planetarium activi-

- ties are dcpcndent oni the effectiveness of this foIiow—up

o

Evaluation Suggesilons

Some sucrgcsuons for cvaluanng learning and achievement of objectives are set for each activity. The suggest:ons may
be expanded by the classroom teacher and planctanum director in keeping with the objectives of the activity: (This
represents a big step forward in planetarium education where prcvxously little effort has been dlrccted toward evaluat-

ing cither student ieammg or the success of planetarium.)

This éategory inicludes words that are riot in the students’ everyday vocabulary butare esscntxa,l for comimunicating
about the 1dcas of the acmwcy, and common words used in new ways in the context of the pa.rncuiar TopIC.

Suggesied Resour:es -
L:stcd here are r,clated readmgs in textbools, reference books périodicals (vmh page numbers given), maps, visuals, and
other r,eachmg and Ica.rmng aids. : :

Du'l'u Sheets o :
When  the acnvn:y calis for dati sheers, observation sheets, evaluauon sheets, etc., these are prowc[cd ar the cnd of the
1. Any sheets des1gned for student use may be extracted from this book and duphca.tec[ in class supply

were Tyig purpoées for developing these ctivities: to integrate classroomand planetarium | instruction, andte
e 51:udent intothe role of active fquirer or learnzr. We hope you wilt keep thise ptirposes I mmd 85 jou usé
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Naming the Stars in Constellations

Note

As students becorme interested in the stars, they will guickly discover that rela~
tively few have proper names. There’s Bolaris, of course, at the end of the handie in
the Little Dippet, Betelgeuse and Rigel i Orion, Poliux and Castor in Gemisy, But do
the other starsin these aohﬁguratibhs have names? '

Inthe activity to follow, students will find out that they, themselves, can ofisr -
deterining the accepted nanis for the brighier stars in familiar consiellations,
providéd they can distirguish betweer degrees of brightness and izarn the begr
of the Greek diphabet, . .

| Studeni Preparation _ _
Students miust have enough ﬂimi_liarit_y with constellations ro-identify several by
name and know their cpn;f'igura_tic‘m._ They must be aware of differerices iz stellar
brightness and paust have some knowledge of the Greek alphabet‘, _

Facts and Concepis o ,
Orderly and intc‘_rgaﬁonail horsenclature assists in scientific communicatios. iF
) 1 id are 1o talk about particulax stars, the §tars seed
_ _ dentificaticit, Systefhs_ of nemendatire tsed in
science are usually toored in «cteristics which objects {or organisms) possess
in common, and différerices ir: :*:ese characteristics. Aji observable characterisgz
of stars is apparent brightriess, 7i:¢ major systeri for paming stars in conseella-
rions makes use of 2 letter of the Tireek ix ¢
brightness of a star, The Greek prefix 1s followed by the Latin ‘namie of the
constellation, with the Latin name appearing in its possessive {genitive) form.
Thius the second brightest star in Orion is named: '
- “B{beta) Orienis” meaning {the) seccnd '(brig_hte__sjgi;). star of-O.ri'oni -
In most systems there are éxceptons to rules, and this is parricularly true with syscems set up to control laniguage with
which names are communicated. : .

astronomers throughout the v
universal names for pirposes ¢

week alphabet as a prefix to sp@'ciﬁf the Iﬁ}ﬁﬁ‘«g

Objectives

«  Given an appropriate worksheet and  copy of the
kriown consteliations.

»  The student will be able to state the rules by which stars are generally named.

The student will be able to identify the constellation figures observed in this activity.

¢ The student will be able to fist by name and lerter the first cight letters of the Greek alphabet.

Greek a;[phabct, the student will be able to name certain stars in

Procedure in the Claast'oo'm
1. Project the picture of the constéliation, have it identified, and ask students i they can identify any of the stars by
proper name. Considar whether there are proper names for all of them,

Suggest that the class devise a plan for naming The stars. List methods suggested {perhaps by nunibering, using

~ names, or according to color, position or brightness).

3, Letstudentsapply the methods proposed To the stars shown on the screen and decide if the methods are

practical. )
. g
4. After students discover the problems involved in designing a system for naming stars, distribute the study e
sheets. Introduce the accepted system for naming stars in consteliations and the Greek alphabet.
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With the class, go through the constallation ﬁgures by asking students to determine from '_l:_he Grqak lettersthe
scientific iame of each star and its order of brightness.which its name inz:iicate:a Skip the figure of the Big Dipper:

Foint out That the Big Dipper is an exception. Another system was used in nammg its stars. Students should be |

able to figure out the system (posltlona] omler)

Procedure in the Planetanum

1.

2.

After dlstrlbutmg workifig materials, turn down the side lights ; and show the starfield (at full lllummatlon to
freshen memories of the star-filled sky. Then turh up side lights unti all stars disappea. :

Now gradiually dim side lights until only the brightest star can be seén, Cotttiriue dimming until 2 few more stars
appear. Continue further until students recognize that a technique is being used to zid i in the d[‘FFBr‘BI"ItIa'EIOH '
between degrees of bnghtnsss -

Again show the starfield at full llumination, with side lights low and with.all constellations represertied on stu-
dents’ workshests visible, Use an auxiliary slide projecior to superimpose Eircles arbund the six constéllations to

bg examined,

Ask‘!:he class Lo name the consteliatlons ahd enterthe names on their worksheets,

'I'um up the side lights and then gradually dim them again as in Step 2. At each stop, ask students to peint out any

newly appearing 5’];ar{5) in each constellation and to name éach, if possible, The first star 1o appear will be alpha,
regardless of the constellation, But from then on, the clags must kegp track of howmany gtherstars have

previously appeared in‘the constellation and/or notice relative brightness before riaming the hizwly appearmg star, o
Continue urtll you féel students understand that degrees of brightness serve as the bagis 'For rarming etars.

- Turn off all stars and project on the dome 4 slide of the real starfield of Orion asit zppears in nature, Lot students

take turns pointing to each star in order of bnghtness and haming it. Attholigh workshiéets will provide the Greek
alphabet, the distinction between degnees of brightiiess will be more difficult now without use of thé dimmirg
'bschnrque_ s6 allow time for discuasion and irterdaction, Suggest that students fillin their worksheets as thi
procedure goes along,

Repeat-the above for all other consteliztion figures mep‘t Ursa Major, You can use the dimming technigue againto
solve s0ie zirF‘Ferenc;ee of opinion, but with Cassiopela and Leo, you may have to provide somg of the coriréct names,
Even with just the slide of the constellation's starfield, the dimming techrigue of inéreasing and dscr-easmg
brightness in the room will help; also compart the real sky photiograph of the constellation with its appearance in

the planetarium,

" Project a phatograph of Ursa Major with the Big Dipper circled. Asx 2 studentto Use 4 pointer 2 helshe explaing

how stars are actually named iri this conﬁg_ur'ai:lon and how they wold ba named weré riot the Big Dlp_per an

exceglion 1o the general rule.

' Follow-Up Acfivities
1

Let students take new copies of the worksheets home to identify and name constellations and stars in the night

sy

Students might investigate how the system for naming stars is extended

S\J

when a constellation has more stars than

the number of letters in the Greek alphabet
3. Let students investigate how the constellations and plancts received their names.

Evaluation Sugge_st'ions :

Give students diagrams of the consteliations studied and a list of their names (or use projection). Ask students to match the
names with the constéliations. Use porﬁons of Step 7 under the plangtarium procedure for evaluation purposes. Ask students
to state in wrrl:mg a rule for naming starsina constslfat:on Asgk students to list The first eight letters of the Greek aiphabet.
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Vocabulary
Orion

Utrsa Maj_or
alp_ha'

delta

eta

Cassiopeta

 Ursa. Minor _
apparent brightmess -

beta
epsilon
theta

Triangulum

Leo
ma_gnitude

ganima;

zeta

s



Star Nomenclature Study Sheet

Greek Alphabet

Alpha. ........ o Eta aberearasaniy T] Nu R Vv Ta.u [P
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‘Content background undesstanding of ordered pairs and their use in a coordi- -

Shifting Addresses for Stars

Although the use or altitude and azimuth for designating the location of stars is
limited in astronomy; the basic method used (4 Ca.n:‘csiari coordinate system) and
the measurement techniquies employed are common 1o more sophisticated
methods. Students will acquire skills for determining alritude and azimuth
coordinates. Experiences in the planetatiurn will show the limitations of these
shifting addresses for stars and will help to develop understanding of star move-

ment.

Student Preparafion (Grade level: s-e'e‘ondury).'

nate system; ability to use Iorxgztudc~lat1tude coordinates to find points on a map
and globc, undcrsta.ud.lng of angular measurement and the inits used (degrees);
preferably acquamra.noc with a few bright stars,

Fac:t:s and Concsp'bs

« Alariesian coordinate systetri can ]95 ussd for }ocatmg pomts ona plane
surface.

i ACartesian coordinate syster can be used for locating poinbs oh 2 5pher|cal
surface.

+  Determination of aitivude and azimuth constitutes a Cartesian coordinate
system for designating temporary locations of ce:es‘ﬁ;ai obj Jec;ts- from any givan
pomt on the earth,

o'biéeﬁ.v'e's

Using 2 projected hand sextant and degree markings around the base of the
planetarium dome, the student will be able 1o determine and record the altitude
and azimuth of selected bright stars ini the planctarium sky. Given a compass and an astrolabe or huind sextant; the
stiident will be ‘ablé to determine the aldit éaziminth of the stin in the real skiy: Thc student will be able to express

altitude and azimuth in conventional rerms.

Note .
Make degree miarkings with strips of white cardboard 1 inch wide and 12 inches lohg, Tape at 10%intervals around dome:
However, if planetarium is ortented with cardinal points, you may prefer that the stidents use compasses throughout,

the activity rather than degree markings.

Procedures for the Classrqom
1. Review the use of ordered pairs in determining location. For example, a student may sit in The fourth seat from the

left in the thind row; Mountain City Nevada lies close to the 116th meridian and 42nd parallel.
2. Aliow some practice in finding pomts onamap and globe from given latitudes and longitudes.

3. Askstuderits to speculate how a coordinate system might be used to désigniate the location of a star from any
given place at any given moment. Press for the ahswer that The star will have an elevation in rélation to the horizon

and a directior in relation To compass poirts.

Explain that “sltitude,” as used in astronomy, is the angular distance of an object measureal ona vertxcal circle from

the horizon through the object and toward the zenith. It ranges from 0°to 90°

5, Using a compass to flustrate, discuss how compass direction, or azimuth, is located from a fixed reference point
{north point). Explain rotation from O°to 360° around the horizon clockwise from north.

. % - (Aradea T-12 | paanne



Foliow-Up Activities

Evaluation Suggestions -
Evaiuate student performance on the data she
points outside the clagsroon and ask them toi

2 Deterthing cardinal points (Uising compass If planetarium io ap

3. Askfor suggestions on howtotake a good azmuth rea

' B, ?rq]gct.*th‘e planetariuf sextant, calibrating twith th

&. Raview angular measuremeitt with gquestions such as: How doyoufing degrees given 2 seg‘tion of a circle? What use

would a surveyor make of a base line to find the elevation of a hili2

7 Distribute compasses, astrolabes, and/or hand sextants {or taterials for mféikin'g one of the latier two instru-
ments — see pp. &4-66) and help students learn to uge them ps"o'pe_rly. They might practice by determiining the

sltitide and azimiith of selected points inside And outside of the classroom. (Nove: It is desirable for students to

get adquaiht_ea with both an astrolabe and hand sextart.) ' : T

Procedures for the Planetarium , _ :

1. Aftarasking _5'B_ud¢n.'i;5' Towork in pairs and pagsing arourid the matetials they wil need, ditn side lights and project
the planetarium sky {io moticn), preset for early everiing, date of visit, o

propriately oriented), mark on dome, and point out

that the horizon is marked &t 10°intervals, o

hirez ding, Pé’fﬁi:ali'la rly for starefar sbove the horizori. A pencil;
edge of 4 sheet of paper, or s1ring itk weight attached could be used forlining up horizon degree markings with

Cletare . ' B _ . : )
4. Folntolta bnght starand agk severdl students 1o determine its altitude From wherg they arg syi‘bting'wwh a
requiar hand sextant. Disciiss their readings with the class and the reasen for differerices.

& meridian, and explain Use of The projected degrees of
the position {centerof rodim) from which a reguiarhand

altivude. Let students discuss and try out, if possiblé,
sextant would need {0 be used forgood accuracy.

6. Asyou point to severdl stars, ask the class 1o déterming
sextant. -

7. Distribuite data sheste (descrived under Matériale). Arnounice the pla
piit, orie by o, to six bright stareand have them identified by name,

_ and, with the did of the projected sextant, theif altitude,

8. Advance dally motior three hours and ask studente tore
the stidents locate ther (or aa'many as are still visible);
confussresuits :

their azirritith and then altitude, using the projected

hstaﬁum seLTing: date.-'a_ndﬂ_“mm@. Then as you
ask studernts to determing their azimuth

point to thet as befors so that wistaken idertity will not

9, Advance daily motion another three hours and repeat Step& Then, i time allows, do this again, N _

10, Disciss the paths of the six tars in terms of both observations and ,4?:?3;‘5%‘4@%?2?5' will note that (8) some of the
starswere in the sky loriger than others, {b) edch star's location, dccording to altitude-azimdth coordinates
changed, more 5o for some giars than for others, Some students may atso have sbserved thata stariow orithe
horizon 48 It croased the meridisr was orly in the sky 5 Bhort-time,

11, The above procedure might be repeated for the sun and for the moon,

Cive the class three sets of altitude-azimuth coordinates four hours apart for several stars and ask students to

visualize and describe their moveraents across the sky:
Give students altitude-azimuth coordinates of specific obijects in the room and ask them to use an astrolabe or
hand sextant to locate and identify the objects. '

Discuss the limitations of alitude-azimuch coordinates for designating star locatiosn. Suggest sorme readings and
reports to the class on how altitude-azimuth is used in navigation.

Making aftitude-azimuth dererminarions in the real sky will be interesting for students and will reinforce concepts
of diurnal movements of the sun, moon, and stars as seen from earth. Suggest that students use an astrolabe or
hand sexvant and compass to determine the location and movement of objects in the real sky.

(

i,

ets developed in the pia netarium, Give students the altitude-azimuth of selected :
dentify the objects located at the pointe. using a compass and astrolabe or hand

- =" co -

peat the measuremerts for the same stars. After letting é

i :

pe



e

Py

sextant. Ask 5tudentg§_,1:p record the position of the sun, Provide them with eye-safety devices to avoid danger to their eyes.

Vocabulary

attude ~ azimuth , zenith horizon
VIong'ittic{_c latitiide ' north point

astrolabe , $extant, base line

. A= feradnc T-12 | ncanns



Exaniinih_g Spheres and Spherical Angles

-

e

Note ’ ' .

A plangtarium is ueeful in Teaching subiects other than science. For example, when

stiidents in mathematics classes arg being introduced to the ideas of _spi‘:eri'c;al

geometry, +theé planetarium can provide an excellent setting for e_x_psrien‘l:_ial develop-

ment of concepts. In the activity below the students iise the pfg_ne'tar'i;zm dome to

refine their own defiritions of the properties of spheres and for developing conciu-
"sions about sphsrica! angles. X

Althotgh designed particularly for mathematics classes, the activity will be equally
useful in scierice. Arid, a5 presentéd in‘thie activity, spherical geometry need not-be

lmited Lo advanced gro'upa in high 5ch00§. The concepts and investigative procediure
‘are well within the ke of jurier high sehogl students, ‘

Student i’repqruﬁons ('Gr'u_de' level: secondary)

Content background: previous experience with the exacritade of definitions in

geoinetry; abiliry to measure angleson a piz‘m; sitrface,

Facts and Concepts : .

- Théplanes of all great.circles ofa aphere pass, throligh the 'sp'here's centen

. The definitioris of the properties of a sphere become.more useful when they
refer Lo something i AATURE.

- Figures and angleson a 5_pheri_ca_l surface pose speoial measuremert pm‘blems_.

Objectives ,
. F'rem_ their Obscr-vatiﬂx_is in the Plane'_taritim', students will be able to formulate
, vcrbal and written definitions for the .following; sphere, _sp_h‘e::iczil center; great
circle, smhall circle, parallels, axis, equatot, meridian; spherical angles. ’

Note g
Seé definitions atiend of activity.

+  Srudents will be able to support or refute the premise +hiat the sum of the interior angles of 2 spherical 'triangle is

equal to or greater than 180°.

Procedures for the Classroom
1. Give each group of three students the materials listed under
aids in developing definitions of The nine terma.

“classroom above, They are To Use the materials as

2. Suggestthat they suspend the bead in the center of a sphere. They can do this by using string, cellophane tape,

and the two glastic hemispheres. . )
3 The studentse should alzo cut upthe Styrofoam balis for purposes of exploring the te

grease pencil to Hlustraie the terms on the plastic sphere.
the students shouid write a definition for each verm.

rmis. Then they can use 2

4, With theirown model of each term in front of them,

Procedures forthe Planetarium

1. Whenthe students come to the planstarium, thay sh
Take up each term in order {sphere. spherical center, great circle,
spherical angle) and ask students to present definitions.

L,

ould bring their definitions and models of the celestial sphere.
small circle, parallels, 2xis, equator, merigian,

wthde
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2. Turnonthe stars, asking the group 16 look at the sky and to c:onsnder ft in relation to the plastic sphere with the
small bead inside. Ask what the small bead represents (the earth) and help students see that one point onthe
bead r'epr‘esents the location from whick they are viewing the night: sky. . .

" 3. Gothrough each term, using planstarium effects to ffustrate it (use m.endran coordinates, ecliptic, motion; etc, as
reeded), Fausé after each demonstration for discussion and to let students refing their writien definitio s. Asthe

class agrees orthe best deﬁnmon, you might write it on a chalkboard with uttraviolet chalk.
4, F)ay back gl anstamum eﬁ’ects askmg studerts to identify what is being llustrated. (At any time students might
* idetttify the horszon as agreat circle.)

B, Tumattention to the definition of a spherical angle arid lustrate one on the dome. To clarify a point; oﬂ:en misiif+
derstood about angles, use a six-foot folding ruler. Show students how the ruler can be bentto show any ahgle;

s dlscuss how extending the legs of the ruler doest't affect the size of the ahgle.

G, let students view and ideritify spherical angies between the ecl:p'l:fc and horizori, ecliptic and celestizl equator
scliptic and mendlan, celestial equator ard horizon, ete, .

'Zf ) D:scuss the measur'ement of spher:cal anglesin the platetariun: sky. Then. turhon the plane‘hanum scxtarﬂ; 20

_thatthe angies mentloned above may be measured. (1o cheok. acouracy of the hiand sextant, use the memdlan }
8. Constricta triangle or e‘-chalkboard and review the triangle as defined in plane gepmetry. Ther, Using the
'+ astronomical triangle projector (ora projected triang le), show ceristruction of a spherical trizngle.
8. Students should freastire the irterior arigles of the triangle above to draw tonclusions ooncsrmng the stim ofthe

interiorangles of a 5pher'|cal triangle; : ' :

1O Irr concluswn. cut up alasge Styrofoam ball o show the three dfmsnswns ofa sphemcal ‘.J:rlangle

Fo“bw’-'l.lp A-efi'vi-f:e's

1. Offer problems in sphencal geometry appropriate to the activity:

9., Discuss constellations as bcmg three-dimensional. The students might ms.kr: a thice-dimensional constellation
model, using the directions provided with the activity on parallax in this publication. (In making the modd,
students will be using a spherical triangle determined by pa:aﬂax)

3. Let stiudents investigate the procedures Erastosthenes used to measure the circamference of the earth. If zanother
tHip to the planetarium can be scheduled, the sun at noon may be shown for both the fatitudes of Alexandsia and
Syente, and students may use sphcncal geometry to calculate the cm:umfercncc of the earth in the same way that

Erastosthcncs did..

Evaluation Suggestion
Evahiation miay bg based on the deﬁnitibns devslope_d by students,

Sphencai Geom str'y Definitions
The Following are examples of acceptable definftions that might be .deve{opsd by students in the foregoing .actwnty

*  Sphere: Any round sclid figure having the surface equally distant from the center at all poirits,
ter: A fixed point from which alf pointe on the surface of 2 round solid figure are eglidistant.

+  Sphefical cen
. Great clrcle: A circle of a sphere whose plarie passes through the center of the sphare.
Smaﬂ circle: Any circle of a sphere whose plane does not pass Through the centerof the spheré,
Farzliels: Two or mere lines which are eqﬁidista‘pt at all points énd which do net intersect; if two or more planes
which intersect a sphere are equidistant, the pianes are _parailel_.
+ " Axis: Animaginary or reat line or poiﬁt about which an objgct or sphere rotates.
- ' Equator: A great:circle on a sphere which is equidistant from the points at either end of an axis.
Meridian: An imaginary line extending from pole to pole which crosses the equator at a right angle; all great circles .
which contain the axis as their diafigter ’
Spherical angle: The angle established by the intersection of two great circles.

o« 45 e
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Steering by the Stars

In the era of radar and computers, it niay come as 2 shock to scudents thiat
navigators of ships and pla_tics still use the starsas a basic reference system for
determining locations and headings. Why? “The stars are depcndablc,” _:xpjl:‘aincci
one airline pilot. “Once you get above the clouds at night, they're alwrays there
and nothing ever goes wrong with them.” ‘
In the following activity, students will use the plan_etariur_h s
principles involved in celestial navigadon.

¢ars to Jearn the basic

student Freénrdtﬁfqn (Grade levels secondary) L

Content backgTound undérstanding of celestial sphere; familiarity with right

ascension and declinatiof; prior lesson ‘sidcxm'l_ time; working lmowledge of use of
ing altitude and azimuth. -

" protracror and tools for measu

Facts and Concepts . )
The positions of the stars, along with sidereal time, can be used to determine an
obssiver’s exact position on theearth, : E

0‘biéci ives , .

»  Using the stars as reference objects, the student will be able to derermine his
position on carth. ' L

«  The student will be able to deteimine altimude and azimuth,

«  The studént will be able to plot the navigational ariangle on a world map.

«  The stadent will be able to detemine 2 heading.

Procedures for the Classroom , _ ‘

1. . Thesssumptions and principles underlying celestial navigation are The same as those Erastosthenés usedin
detertriring the circumference of the earth. Review his rethod with the élags, potrsing out that e assumed ()
the earth is round, (b celestial objects are so distant that the direction to any of thett friom &l places on gargh
must be the same, the apparen{::diffehs‘nces irt Thie direction of the objects as viewed from earth are caused by the
gariHe spherical shape; {c) light.rays are gssentialy pa’mi{ei. _ :
Emphasize that Erastosthenes khnew from geometry thal the ditference in the angle at which the sun'z rays struck
the earth 4t Syene and Alexandria equated the size of the arigle at the earth's center between the two Cities. He
therefore used 4 stick to meéasurs the gnglé of the sun to the vertical in Alexandria at the motfient The sun was
directly overhead at Syene and found the arc of the angle. measured 1o be 1/50th of a circle. This told him that the
distance between Alexandria and Syene was 1/50th of the earvh’s circumference. The rest was 2 matter of pacing
off stadia between the two towns and multiplying by 0. _

aperson about. his location on earth. ldeas about the righttime sky

0. Askthe class for ideas on what the sky can tell
to highlight are that the stars overhead vary with latitude, longitude, and the time of night, and that each ot these

variables offers a clue to location if other facts are known,
3. Pr'o_vids for review a8 nesdéd From the following understandings anid skills which will be used i the plangtarium: (a)
uhdsrstanding of The horizon as a prifmary greab circie of the celestial sphere where The sky and garth’s surface

appear to meet; () measurement oflongitude and latitude, right aséension and declination; () the relationship of

hours of right ascension 10 longitilide and to Greenwich sidereal time; (d) measurement: of attitude, azimuth, and

angles. Through the review LUse€ 2 celestial globe, world mag, soovdinate star map, astrolabe or sextant, cCompass,

and protractor as needed.

N
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10.

- The latitude scale of the map shiouid be used o measuire

: Proaedures forthe Plane'tanum

Preset the planetarium for any given date at zlatitude and ipngitude GF alocation at sea, but neither The latitude
norlongitude of home location, Soime weli-known stars should be no moré than 25°to 35°above the horizon. (The
latteris important, The stars to be plo‘l:tad shoilld be at fairly low altitude to allow *For 2 Iarge zeriith angle for
purposes of better accuracy.} No cardmal pomts should be visible,

Turn on the night skyand ask students To assume thay are at sea and rieed to use the stars tofind theirway.
They may locate the North Star and some familiar constellations, But whene exactly argthey? in what. part of what
pcean? :

Distribute the world mapsand ask the class to take part in the following pmcsdures, which are much like those

actuall_y tsed it nawgatlon
The class locates and identifies three familiar brlght stars 25°to 35° above the horizon and about 120%apart in

- azimuth, Orie &udent tses the planetarrum sextant projector so that others may meastire and record The

altitude of sach star, *
Using a star atlas or nautxcal a[manac anpther student looks up the right : aacension (sldereal hour' angie'For' the

" nautical almanac) and declination of the three stars and rspor‘tsto the ciass,

The decliiation of a star grvss vhe latitude of its substellar ot {pecause the celestial equator.ﬁom which
declination is measlired, 16 sitiiply an extension of the earth's equator from which [atitiide is measured). The

studerts will need the latitiide of the three substellar poirts for plotting, but you may wish 50 take time bub to

. discuss how theyi can deterniing their own latitude from the dsclma’l:ton of orie. starifit. isolated on the meridiar.

Students next determing the longitude of the substeliar paitits of the three stars, usirig Greenwich ader@a! t:me
(give the class Greenwich sidereal time for the setting): Studétits know (8) that the nghtasceraslon of astar
soincides with Gresnwich sidereal time wheri the star's substellar point s on the longitude of Greenwich; and (b)
that the earth revolves from west to east at 15°per hour. Theréfors, the longitude 6f a star's substelar point.may
be fousid by 5ubtract1ng Gresnwich sideraal virme from the rlght ascension of the star; arid mnh:tpiymg by 15, For
example, if the r|gh1: ascension of 4 star is 14 hours and it is 0800 Greenwich sidereal time, . :

14-8=6 hour's wesl _qf _Gr'se_r_!wlc['l _

(2 negative nimiber indicates east of Gréenwich)
. Bx15 = 90%west lorigituds
w {4 negative number indicates edst longitude)

After stildents. have found the latitude and lorigitude of

the substellar pom‘bs of the three stars, ey should plot

thewi on 'I:helr{wc;:_rld maps;

The néxt step is for students to determing a zenith angle

(the angular distance from the zeritth) for each of the

three stars, They do this by subtracting the altitude of

the star from 8Q° They then use the zénith argle of each
star as the radiiis of a ‘circlé of posrl:lorl which they draw

around the star's substellar point s plotted on the map.

degrees in constructing each radius.

The three circles of position should meet to form a small

triangle representing the student’s “tour position” at sea,

as shown in the figure below. Students should examine

what it tzlls them about their location and consider what

slse ‘E:'_h‘éy need to know.

The small triangle (shaded area) should tell stiidents

where they are on earth withiri a few degrees. But they
must remiember that they are at sea and have not yet
determined the direction they should hezd the craft to get to their destination. Now they plot a heading to their
destination, drawing a fine to that point on the map. To do so, they:

a. Determine a north-south fine. (in the planetarium this can be done with the meridian; aboard ship, it would be

done with 2 compass.)

L Gradae 7-12 Lessons



desired heading, This is dorie by easiiring on the map with
‘the horizon from the positior determined as
red clockwise around the horizon

b Measure the azimuth angie between north and the
a p_rotractdr and then measuririg the same number of dearaes arouria
north, (It may heedto bé pointed out that Both azimuth 2rid pearing are measu
from C°rorth to 360°%)
‘At this 'poir_'it_. the student maringrs should mentally head ths

~in |n the getermined direction.

- But explair 1o studente thalin practice, once
snators to keepa ship or an airgrafi on course;
onverience you have arranged. The stars inthe

n.  The above steps complete the procedure for célestial navigat
isn't eholigh. The ;probedune‘ is repeated over and over again by
You: friight also point out that the planetarium sky hagn’t- move:
real sky would “move” all the while, 2 subsgtellar point would be a zurstellar point only for an instant Therefore
navigators need totake their measurements and make theirca one with speed. How can they do 507 They
travel (ustally) a Known course; they know what ocean they are or 5 over; they have their favorite stars to steer
by and know these stars’ right ascension and declination. They dlsw rave handy instruments to get altitude, a clock
set for Greenwich sidereal time, and mathematical tablés, Through ts night, they get a “$ix” from the stars many
timiss, quickly going through procediires comparzble 10 +th pnes abovws: during the day, they Use the sun and depend
on other, but-oftén less satisfactory, methods to steer by ' : ;

12. Ftime permits, move the planetarium sky and let stidents. pr‘édsﬂerrw-

sheir position at sed.

Foliow-Up Activifies ,
1. Unless the topic has been well-covered previously, plirsue the idea that &
" ifhefinds tht':‘dedi.ria):i’o:_r and altitide of one star located on the meridi
equator is directly above the earth’s equator at 0° declination; (b} chat
earths poles and are 90° from the celestial equator; and (J) that the zéni
star with 4 declination __O.f -10° Jas an dltitude of 35° the celestial equator :
has att altitude of 25°% To obtain his owsi latitude, the observer subtracts the
- the alticude of the zenteh: 90° - 25° = 65°. For class em-phasis: 65° is the ang
from the zenith poine (or the zenith angle). Since the celestial equaror’s substs
since the zenith’s substellar point is the position of the observer north or sonth of
observer 1§ the zeniths substellar point of 65% :
2. Discuss the zenith angles used in plotting the navigational triangle in greater
should be rc_cog_riizcc{ by students that the zcniﬂ; angle; Z. is _9‘0"°1 s the o
90° minus the altitude of the :
north celestial pole, Thus the
altitide of the north of south -
c?le'stial ?olf';. is equal to .thc CE Zonith N
observer’s north or south : : 3 - . '
latitude. "

‘erver can determine his own latitude
udents know (2) that the celestial

al poles ate an extension of the
-gBOvc the horizon. Therefore, if a
laticude of the observer’s location
ude of the ceies‘tiﬁl_'_cquatép from
- distanice of the celestial equator
point 1s the éarth’s equitor, and
the equator, the latitude of the

detail. From the diagram below; it

bsetver's latitude, and that if is also

NCP = Nowth Celestial Pole
SCP = South Celestial Pale
CE - Celestial Equator

SCP ' CE

o AL a



3. Discuss in some depth the principles involved in
“using thiee stars to geta “fix.” The angle in the sky -

between the navigator’s zenith and a star (the zenith
angle) is the same a5 the angle at the center of the

earth between the observerand the star’s substellar
- point. (Mathematically, this is the same principle

Erastosthenes used and underlies all determination
of location by means of celestial objects.) Having
found the zenith angle fot one star; the navigator
knows his distance in degrees of an arc from the
sTar's substellar point - lie is somewhere along the
rim of a circle whose denter is the substellar point of
the star and whose radius is his zénich anglé from the
star. But the onie circle (_')ffqré possibilities of position
that may vary: as muich as 130° in all directions. By
finding I his zenith angle for a second star and
constructmg 4 second circlé of posmon, the naviga-
tor limits the possxblhues the intersections of the
two circles define the two places on earth where he

To Star 1

R '
* Circle of

Position
Star 2

may be located: (Two circles ofter will be enough for 4 s}ups nawgator — for instance, one of the possible posi- '

 tions may be on land,) The third circle of position definés a “toir” position in a spherical ‘mangle which conrains

ane of the interséctions of the fitst two circles and which is within all three circles. A drawing (followmg) may

clarify these ideas fot students.

beanng

a. Aftera north—sour.h line js constructed through
the ship’s posidon (that is, the intersecton of
the circles), the course, C; is measured from the
north clockwise to the direction the ship is
sailing;

Students who are interested in sailing may wish to examine in more detail the procedures for plotting course and

b. Bearing is also measured clockwise from north. Below the

bearing of a ship at A headed toward B is the angle measured N
clockwise from the north line and is the angle B/A (B/A means B o
relative 1o A). Likewise the bcanng of a ship ar A headed toward :

B is the angle A/B.

e 4T
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present the following problem: A ship
214.0. What course must it then sail to .
ditions. We have a right triangle with (E '

c. To Providc an example of the computations involved in navigation,
sails 15.5 miles on course 124.0° It then sails 31.3 miles on course
return to its starting point The skerch below represents the given con

two icg's known.

To ﬁnd B use:
ar _f\r s
tan B = 15.5 3
313 |
 tanB = 04951 ' " __
B = 26%20" re
To find Cg_, note that a = 30° N : L 57 mﬁ'
Hencea+ B = 307+ 26°20’ - ‘. Z;?S‘; ,mzz
and C, = 90°- (2 + B) e’ o
B -or C“ - 33040| - ] {1=30°

5. To con_ciqdé the activity, invite someone familiar and cxpcri'cnccci in navig'ation fo ta.lkw:tth the class on c;elesnial_
and othét navigation techniques, and/er conduct an evening session _an'd."see. if the students are able o obtain their
Position from obscrvgtions of the real sky.
Evaluation Suggestions - : : /
Give studénts data and let them répeat the procedures used in the planetarium. The maps prepared by stadents can

serve in part for cvaluative purposes.

Vocabulary

horizon. ‘ zenith angle celestial navigation
right ascension - declination aldiude navigational triangl-e_'
a.zunuth longirude ‘ great circle : laritude

circle of position heading ' bearing “fix”

Greenwich sidereal time

AT,
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Meteor Observafion: Getting the Facts

Meteors and meteorites are of value in science for the information they offer
about characteristics of the upper atmosphere and the composition of bodies in
space. However, meteor observation is of use to students primarily for the oppot-
tinities it provides for training and growth in the skills required to make and

© report observations. :
In the foﬂowmg activity, studerits will be chaﬂcngcd to figure out ways to observe
and describe 2 merteor after seeing one unexpectedly in the planetarium. When
other meteors fortujtously cross the planetarium sky, they will be ready to practice
specific tcchmqucs through which obscrvations may be quannﬁed and reported.
(If this activity can be tuned fora pcrxod of meteor showcrs in the real sky, so

much the bctt"'_ AN 7
Sfudeni Preparaﬁcn iGrude ievel= secamiury)

- Content background: workmg knowledge of meidsuremert of angles; some
fa.rmhmty with. constcllauons, a.bﬂxty 1o use 2 coordinate star chart.

Facts and Cancep‘ts
¢ Seielce Advances through careful obeervations ard the aoi[ectxon of quantita-

tive data THis méeans that ways fust befound to record and describe sensory
impressions quantntatwe%y
«  The obsarvation of mieteors requires measuiing techriques in orderto deter-
o mine azimuth; attitude, direction of motion, brightress; duration, calor accom-
i panying sounds, and Sime of observation:.

* Meteorites pmwds mforma'tton onihe composrblore oF bodzss i spac;e,

Objectives

Given appropriate instruments, the srudent will be able to detérmine and commumcate to others the altitude and
azimuhi of the beginining and end points of a meteor observed in the planetarium and its angle to the horizon.

*  The sciident will be able to chart the course ofa planetarium meteor on 4 coordinate star charr and to determine,
with 4 protractor; the angle of the meteor trail to the celestial equatot. :

The student will be able 1o provide other such datz on 2 fireball meteor observed in the planetarium a5 is scugh*
on real ﬁrebaﬂs by members of the Network for Analysxs of Fireball Trajectories. :

Procedures for the Classroom
1. the students have not-had previous experience in makmg an astrolabe, they should maks one. In any svent, "’hev

should practice using onie to determine ‘l:he gltitude of objects outdoors.

2. Familiarize students with the constellations that will be visible inthe night sky on the date of the
After showing the shape of the constellation on a consteliation chart, ask students to locate the same constellz-

tion on 3 coordinate starchart, giving them the coordinates.

planetarium visit.

Materials for the Planetarium
1. Turnon the stars for 9 p.m. date of planetarium visit. Let students use the night sky To determine cardma points,

then proceed with the identification of stars.and constel[atlons (Be sure t6 review those that will be in the paths
. ofthe meteors to be projected.)
2. Asstaridentification goes on, projest the first meteor.

S
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Follow-Up Activities

1.

P .

4,  Askthe group t0 considar The typss

5. Turaonthe ‘s'pafs.-ag;iﬁ. Letting studerts pffer 5._&9

3. Turnup the iighi:’s and ask studentsto r,s‘cord what they saw. Discuge andcorm
will note the results (which will undoubtedly corme out ag conflicting reports, inc
a scatiering of data). ’ '

able chardcteristics as eachis agresd
each right be described and, if possible, meéasured.

L& - B'r‘*ig_hj:ne_ss and color Students who have séen meteos Showers or
© suggestiohs, Dtherwise, deas may have 16 awaft further planstarium experiences.
b Locatior: Where were the beginning and end poin

" starbackground? How might the altitudé and azimutl
6. Angleof meteor trail: Might thisbe
beginning and end poinvs?
d: Direigtior of motio
& Time of right, duration: The observer; of colirse,

he had seeti rriany meteors he could miake a comparative est
" shiidents will néed the jrformation later '

. me‘l:eorm reference 'toch_sté}lation_baqurr_;iundl an
o markinigs around the dorrie can be us
. “waltihg time." then: _
8. Suddenly project afireball ineteor: it cories a8 4 siidderi fiash, 2 tral
thoughte and try to rernember allthey can about £he meteor. partic
tothe stars:
7. Distribuits orie copy of The Fire

reguested data, with each student Filling in data agreed tpon (Crhis own obagria
ences of opinion). Explain the chart. a2 one based on a chart i actud
of Fireball Trajectories, a group sponsored by the planetarim at Michi
- context some of the guestiohs may strikestudents a5 odd; Tn the.cor
the class answer all, (Students will get-2 &l
reliabiity) |
8. Use the plarigtarin sextant

Tl Then ask students to note their own atitude and lorgitude 4t
- recorded asto the two above items by an observer at another lagation, :
o, Distrbute to students another copy of the Firgball Obsérvation Ch
collect data independenily forthe next fireball seen i the platietar
ing a few moments of anticipatory time, project ancther
charts, project the planetarium sextant and meridian a6 heeded, then co

pare descriptions so that studerts
onsistency in the useé of terms, and

of data that could bé collected ona meteor and tojot.downa !3553 of abserv-
upon. Prese for mention of the following characteristics and discuss how

who have read about them may offer

5 of the meteor? Could these be determined in reiztion to the
h of the beginning and end points be determined?
determined In relation to the horizor from the altitude and azimuth of the

? Might this be determined from the azimuth ofthe beginning and énd poi nis?
wolid cheek his watch. He miight colint £o estimate duration, if
imats. Arinounce the time oF the planetarium seting, .

gestions, polnt out-the beginming and end poirte of the firsp:
A show how the planetarium sextant, meridian, and degreé
2d 1o determing azimuth and altiude, As you conclude, offer afew minutes of

1,4 “sonic boom;” Ask studérnte to collect their
ularly the beginning and end pointe if reference

ball Observation Chart 1o gach student. Lot the class as a whole assemble the
tionis if there are sharp differ-

1 iise by members of the Network for Analysis
gan State Uriversity, Lzinging. Except i This
text, The dquestions riake sense. lnsist that
gh out of the ttem "Reliability of Observer’ Let each eva luates his owh

and meridian 2s i*e‘quh‘ed-for detsrminivig ‘Posiion in the Sky and “Anigle to Horizon-
dtoconsider whethér other data might ke

art, inform thet that they wili be expected to
Ui sky, After tlrning on the stars and provid-
frebali meteor. Give atudsnts opportunity 1o fil inthe

llect thecha s for gva luztion PUFPOSES:

Return the evaluated Observation Charts, discuss,

and distribute coordinate star chars. Ask students to plot the

ctermine its angle to the celestial equator.

trail of the meteor on the chart and to use 3 protractor determ
Let students in_vc‘stigate the dates of the next meteor
warches should be planned for those nights; with stu
Observation Chart.

Ask students to observe and describe aircraft moving thirough the sky — an investigation th
observational and communications skills. '
Assign reading through which students will investigate
showers — and the distinctive terms used to differentidt
ite, fireball meteor, bolide).

Let students investigate the values of merteors to science.

1o FF AM L b mnm .52"

showers, using The Obséfveris Handbpo.k. If pos_s_ible, meteot
dents again collecting the data called for on the Firebail

at will require similar -

the relationship of the asteroid belt and comets to meteor
¢ between objects from space (imeteoroid, meteor, meteor-
ht

S



(¢

o,

6. Encourage stuc[ents to collecr and analyze meteor dust, For example, they might collect water from an eaves spout,
straining it through muslin. Then they should létthe cloth dry and collect particles from it with a magnet. You
can explain that Whac they collect will be micrometeorites; and rust from the gutter. Using a hand glass, they can
distinguish between the two — the rust will appear as flakes; the micrometeorites will resemble small grairis with
ragged edges. (More capable students may also bc able to subject the micrometeorites to tests for unknown -

elemerits. )

Evaluation Suggestion - .
Student performance may be determined by evaluation of the completed Fireball Observation Chart and by the student’s abuirhy

to plot the trajectow on a coordinate star chart.

V_oc_nbl_llury:
meteot’ trajectory end point/béginning point metesroid :
. fireball mércqﬁce_ altirude ' ' angi:: to horizontal
azimoth _ micrometeorite asteroid ' " comet
bolide ‘ '
Nete

For Fireball Observation Chart, sé¢ following page.
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- Fi’r-ebﬁlll Observation Chart

Time:

year ' moﬂtﬁ ’

dare hour minuze second time zone :

Weather:

Location of observer when fi

Latitudei

reball was seen? _

‘Longitude:

Position of fireball in the sky:

First seent "

azimuth

End poini?

azipiuth

| .altim:ldc. : | _s.tar bac.:k-gmﬁnd'...

altitirde 7 staf badcgcound

Angle fo horizon:

Direction of motion:

Duration:

Br‘ig’iﬁness:

Color:

Sounds: |

Interval between first seeing firebail and hearing soundss

Reliability of observer:

Date of interview:

This chart is based on the Fi
Lansing, Michigan.

P dae 1A | paaanc

ceball Observation Chart of Netw.ork. for Analysis of Fireball Trajectories,

AT



Pdfullﬂx: Finding- Stellar Disiqnte‘s

Most astronomical distances aré so vast that obtaining direct measuremerits are
unpossxble. In this activity, students will examine partallax through laboratory
exercises and. investigations in the plancta_tmm They will explore, not only the
usefulness of parallax for determining the dlsta.ncc to stars, but also how we
depend on it every day for depth perception.

In a final Iaboratory activity (optional, but récommended), thé students will make
a three-dimensional model of a constellation. Examination of the mode] will
show them that the three-dimensional conﬁgurauon is based on the actual
chsmncc in light ycars from t:ach star to the earth, a5 determined by pa.rallacuc
shift, - ‘

Student '-Prepurulién (Grade level: secondary)

Content background: abﬂity to measure angles with an astrolabé or sextanr;
(prefcrabiy’) pnor experience with tech.mquc of tnangulatlon. ‘

Facts and Concepts
+ ° Faraliaxis the apparent dlspiacementofan ob_;ec:l: diieT6 & changé in the

- pbserver's posnsjon or pomtof observation:

+  FParallaxisdirectly proportional to ‘bhe change in the dbserver's pc:s]tlon in’
relationto the object

+  Depth perception dspsnds an parallax

+  Stelarparaliax is ah atgular shifh irthe posrblon of-a star as viewed from the
earth due to changes in the earthis position in its orblt. .

«  Stelar parallax. prowdes ue with 2 means. for irdirectly measuring 'I:he distance
to many stars,

Qbieéi'ifes

s Using direct obscrvanons of the apparent shift 6f a planetanum star due to parallax the student will be abie to usé
mdlrect meastirements o deterniine the distance of the star from a keiown base line.

*  The student will be able to use wiangulation to determine the height of, or distance to, an object.

«  The student will be able to explain (VCID&HY or in writing) the base line used for d actcrn:umng stcﬂa.r parallax, and
will relate this base lme to eatth motions,

Frocedures forthe Classroom _ -

1 Letstudents investigate a simple example of paraliactic shift. Ask them to hold up a finger directly in front of them
and to look at it atternately with one eye and then the other, Keeping the other eye closed, They should note the
positior: of the finger against the background. Then stretching their arm more and less, they should notice whether
distance makes the parallactic shift increase or decrease. ‘

. 2, Use Laboratory Investigation | (Farailax-and Depth Perceptlon)

3. Eeview how the distance to an inaccessible point ma_y be determined bytr[anguiatlon Suppose the distance is
sought £o a mountain peak. This czin be determined by setting up two observation stations at A and B, separated
by a known distance, the base line, and assuming triangle ABC, with point C representing the top of the mountain,
At station Athe angle A is observed and measured between the directions to B and C. AT station B, the angie Bis

( observed and mezsured between the directions To Aand C,

55 : Grades 7-12 Lessons



Seale: 17 = 50’

] “
A f_ 1B
‘Base Lirie 1000° B

triangie ABC. The baséline AB is laid out 2t
and B, using a protractor to measie the
“stance £o point € from arly point oh the

1y to scale. The result 6 as accurate as
soredses. (Solutions of triangulat _
function of right angles thig method :

Enough information is riow available to construct a scale drawing of
 soing tonverient séals and lines AE and BD are éoristructed at angl
andles: The points where lines AE and BD intersect is the object C. The
- baseline thay now ‘be detertined by measuring in the drawifig and conve:
_ the scale of the driawing, with the margin of error increasing 2s: the scal
. distance may be much micre accurately accomphshsd through trigonor
"+ ghiould be used by stiudents whio have the required mathematical backg
4. Give atudem:s oppori:unrty o try out the above method (perhaps determinzy the distance to the topofa tower)
“sgthat they will get practice in setting upa base ling;sighting and taking sz measurements, usitiy 8 protractor

el constructang]es, and convertmg to scale {or usmg tr‘lgonometrlc func'l:af

Procsdures for the P[ane'barlum
Presetting: Suspend a light source with black thread one or-two Teet from The center oftne planetanum dome. T ne

stars midy beset for evening, date of visit.

1. Darket rootr, tiirm off 5tar5 atid the auspended fight. Ask students howthsy miight determring the distarice to the
light. ) . .

2. When indirect measiretnents and tr[angulataon are 5uggested 51;udents should measure a base line between

oppbsite sides of the planetarium dome and measute the base angle to the suspended obJec;t fram both ende of
the base line, This measurement may be made withan astrolabe or sextant. Then the distance should be 'Found to

the suspsrded light through the methdd p"ev:ousLy used in the clagsroom.

B Askstudents how they might measure the distance to a staron the dome. (I'he students 5hould repeat the

procedures of Step 2 for one. or severa: sLars.)

4. Theclass should now compare the paraliax arigle forthe suspended light with the paraliax angle: forthe star or
stars, Disciss what happenis To the parallax angle for more gistant. objects.

5. Discuss the base ling used in astronomy for determining the distance To stars, and ask somgone to use an atlas af
The heavens or The Observer's Hardbook te look up the parallax angie forthe pamcular staror stars considered

above.,

EFoli aiﬁr-bp Activities

1.

- Provide for study and discussion of historical methods for determining the distance to celestial objccts The

students might note thar the distance o the moon was derermined surprisingly accurately by the ancient Greeks
through triangulation procedures (two distant points were used as the base line).

Present the solution of the astronomiical “skinny
triangle” as a means for finding the distance to
nearby celestial objects (sun, moon, planets).
Suppese it is found that the displacement in
direction of an object — that is, parallactic shift —
as viewed from opposite sides of the earth, is the
angle P in the diagram below. Then P is the angle
at O subtended by the diameter of the earth.




g

Imagine a circle céntercd on O that passes through points A and B on opposite ends of a diamerer of the earth.” If

the distances to O is very large compared with the size of the carth, then the length of the chord AB is very riearly
the same as the distance along the arc of the circle from A to B, This arc is in the same ratia to the circumference
of the entire circle as the angle P is to 360°. Since the circumference of a circle of radius r is 2pR, we have

 AB = P . - -
2ne 360° ‘

By solving the above equation for r (the distance to O), we find

IfPis measu.red m seconds ofarc father than in degrces, it must be divided by 3600 {the number of scconds in 1°)
before its value is mserted in the above equation. After the arithmeric, r_he formula for r becomes

r=206265 - AB
o P (m seconds)

Asan example, suppose P is 18 seconds of an arc (abour What would be observed for thc sun) Smce AB the

earth’s diameter 1§ 7929 miles,

4=206,265 7927 = 9.1 x 10" miles
18

3, Continue with pmblcms for solution in which the parai[ax angle is measured from two opposite sides of the earth’s
orbit, Discuss limitations 6f parallactic shift and the “skinny triangle” for decermining astronomical distance and

ask for repokts on or.her miechods: -
4, Use Laboratory Investigation 11 (Paraﬂax and the Constellarions). Note: This i mvesmgamon provides insticrions
for makmg three-dimensional models of the Big Dipper and Orion. You can prepare insteictions for makmg
models of addxtlonal con_: 'ellauons — or students can develop the details themselves ~— by: (1) determining the
t years, (2) dcwsmg a scale for light years, such as 174" = 1 llghtyear and (3) by

dlstance ofcach star ini ligh
plor:mng the mnstcllanon in right ascension and declination to fir nhe cardboard from which the constellations will

be suspcndcd

Evaluztion 5uggestwns
Ask students te measure the distance and/or height of various objects; such asto the top of the flagpole, and check on their
techmques and mathematlcai procedures. Ask students to describe verbally, or in writing, procedures for determining the

distance 1o a staron the planetarium dome. Ask students to describe verbally, or in writing, the base line used for determining

stellar para![ax. and the procedires used. Studerva results in Laboratory Investigation Il may be used for evaluation purposes.

Vpcu‘bu!qry
parallax parallax angle base line
base angle triangulation

Note

Seefollowing pages for Laboratory Exarcises | and 1l
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Laboratory l,m:resi*'igaﬁoh I
Parallax and Depth Perception v

: qutb i‘:‘éf-‘ce?tiaﬁ _Devfce

Screw Eyes : .

- Large Nails

Painzed White 4 \f— 8"

Movable Blocks
Attached o String

c’.ons_'i_i*ujc“ﬂ'pn and Assembly

s Construct apparatus as shown in diagram. Tape or clamp it to the end of a
table and thread the string through the screw eyes as Sﬁhe_w.n in the pictire.
The two ends of the string should extend 20 feet from the appararus.

+  Add a scale along both sides of the appararus. The scale should not interfere
with the movable blocks. i , , ‘

Procedures _ S
Fairs of students are £o work together, with erie marnipulatitg the strings and
the gtherkeeping the record. After one student cr_}n-iple'tes all of 51:'8;2‘1 below,
he shouid keepThe record whilg:his partner carries olbthe saime step:

1. Sitonachair 20feet back from the apparatus. Use z tailback chairor sit. where
you can support your head against the wall, because you naed To keep your head

in the same position throughout this slep. Hold otie string i éach hahid,

a. Hold your Head in a position so that you can iook Through The two-inch
dizmeter holes and see the nails. :

b, Using both eyes;ling 'up the nails pr the wood blocks, as guickly a5 posgible,
inthe center of the apparatis, Your-partner isto timeé you and read from
the scale how far each nail is offfrom being in the center of the apparatus
and how Far the two nails are off from being aligned. He i6 To record this
iformation for three trials on the chart below.

c. Repeat the above procedure, using only S/our left eye. Try it three times,
with your partner recording information.

£,

4. Repeat the above procedure, using only your right. eye, three times. Again your partner is to record

“the resuits.

Grades 7-12 Lessons *58-



o~

'Perﬁ:?mance' Record Cbngi

Time

Units off fromm Cente;_ :

Units each peg is off from cach other

Trial1

Trial I

2 Did ‘Bhe resuﬁis dlfﬁsr foredch eye?
3. Dd 'the par'allax {angle oFshrH:) thove uniformly for each eye?

:‘blOﬂ lmpr-ove wrbh co!or?

Changa the colorof the backboard (tape colored paper over t) and run the mves‘l:ngatlon Again, D085 depth percep-

+1BG e
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Laboratory Investigation II:
Purullux und the Consiellahons

(Th’ree-Dimen'-sfion'ul Constellation

A constellation is a chance arrangement of stars as viewed from Ezrch. If we were
to leave the earth in a spaccshlp and travel t0.a distant star, the consrallations as
we know them would no l_ongclj be observable. Perhiaps the two most famous
constellations are Otion, the Hunter; and Utsa Major; the Great Bear (better
know as the Big Dipper), How would thiese constellations appear from other
places in space? A three-dimensional model will provide the answer. Choosé cither
of the two constellauons and make your model according to the instructions

bcIow.

Construction Protedures

L. Label the cardboard as follows:

2. Using a ruler and pencil, measure and mark the position of each star in the constellation o the cardboard accord-
ing to instructions provided in the construction table below. Notice that each star’s posmon has two measutenients

Lgﬁ'Edge. 1

|

Front Edgt )

Lt

LN )

<

“

Medels)

— one for the left edge of the cardboard and one for the front edge.
© 3. When you are cértain that the star positions ate plotted correctly, punch a small hole at each star position on the

cardboard, usmg a needle or scissors point.

Cut pieces of thread for each star in the lengths designated in the constritction tble.

5. Push the thread for each stat through its correct hole positon in the cardboard, leaving 1 inch of its length to be

taped t6 the top of the cardboard.
6. Roll up small balls of foil to represent the stars. The foil ball for Alpha will be the largest (about 1/2” in diam-
eter), the one for Beta will be r_he next largest, and so forth. Hcre is the Greek alphaber to assist you:

Alpha.......... o | 25 SO

< S B Theta ......... 8
Gamma...... Y Tota ........ wenal
Delta .. & Kappa ..coo... ¥
Epsilon ...... g Lambda......A
A4S - g LY, S — 38

S v
b« ST £
Onmicron ... 0
Pl T
R}m ........... P
Sigma —.eeue L

LTI E— T
Upsiioé ,,,,,, v
Phi........... &
Chi v Y
Poliiorerers Y
Omega........ ®

7. Wich a pin, needle or scissors tip, punch z hole through the center of each foil ball.
8. Pass the free end of the thread through the foil ball, making sure to pur the correct size ball on its corresponding
thread (again, see construction table} and tape in place.

P d e T D mnmmrs

xziax]

{

s
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Investigative Procedures

1
2

)

S

Hold the cardboard horizontal with the fioor, view the constsllatlon at eye level, and record its appearance.
Hold the cardboard horizontal wrl:h the floor but over the head, view the corsteliation from underneath, and record

its appearance
Hold the candboard so that the front edge is vertical wzth the ﬂoor. view the consteliation, and record its appear-

ance, A :
Hold the cardboard 5o ‘i:hatths left edge i5 vertical with the floor, view the constellation, and record ite appearance.

Try to relate your: observations to your view of the constellation from earth, to a view of it from other points i the

aniverse, and o parallact»c shift;
Tryto relare your observatlons to the movement of the earth in space and to the para[lactac shiif that results
from edrths motion in space: The parailax angle for each star is given in the last columii of the construction table, .

Yougan c:on\(em‘; _pa_r_a![ax angle Lo distance iri light years as shown below:

Distance (in parsecs) = L (parallax sec of arc)
. Examp]e
- Srarsparaliax = 07, 007
Distance (parsecs} | =142.9
.-00'7,

1 parsec = 3,263 light years
D (light years) = light yr/parsec x distance. (parsecs)

‘D =3.265x 1429
[ = 466.4 light years -
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qune’iurium Herne Sexl'qhi _,

Directions

Put together as pictured below, adhering small strips of black rape at spac ed
intervals across the plastic strip for the light to shine through and projecr degre
lines on the dome. The width of the tape should be choseti to repzesent 5% o7 10°

increrments.

- with Black Tape ar
© Spaced Interm[r

Remmguhr
Waod Sirip

Semicircilar Picce. of :
Waod, (Other semicircid= . e
lar piece goes om fromt —:
not shotiin herel '

Enstructlons foruse
Ik measuring aititude, use the planelarium sextant as near'l:o the ceftter of the planeramum as possible. It mzy aiso be

. used to measure aziruth, butthe means suggested below are easier and no ong needs to hold the sextant.

e
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Varieties of Student-made Asfrolabes

S

Two types of student-made astrolabes are p'ifct'urcd below: (although there are many ot’h_er' varieties).

Type A

Construct and use as p_ictuﬁ:d._

Type B

( {xr Construct and usé as pictiured.

Grades 7-12 Lessons



Siudeni'-Mq-ele Sextant

Materials

L Plywaod marked s show and cut on dashed lines 2. Four mirror holders 3. Two mirrors

4, Tivo holders for sighting tube :

5. Sighting Tube

6. Plyivood arrow A

Construction

1. First Vzew , 2, Seconid View

%

9)

3, Third View
Use

Aradec 749 Laasons ' «5ha

L
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. Ap-paruiu’s' for Observing
Temperature=Color Relationships

Construct as shown in the foﬂom?ing pictures: -

Directions for use
“The thcrmornctcr must be in the light beam produced through the openitig in
the partition. As one student uses the calibrated rheostar to reduce the bulb in
'brﬂhanoc, another student records temiperature changes as shown on the ther-
mometer, while a third student looks through the spectroscope and recoids color

bands.

Side View .

:S'Pectra:ro_‘pe ’ ?

C’ A7 paridc

R Note A
Divider has siall operiing: end view -O-Fd:i'vi’dsn‘

Top View

-

—————

g

e J

\,
g /

1o variac

P '
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Equatorial Coordinate Star Finder

The drawing below shows inaterials, construction, and use

Right Ascension Seale —> "

Bubble Level

madoc 717 L eaanns

e

J B Sig!)zing Segpe

Gluie -~

--.m _.

<A\

| €=  Broom Stick Support
| (Camiera trzpad maty also be used)

GG

Declination

Scale



Safety Devices for Viei_vi:_ig_ the Sun

Eye-Safefy Devue §or the Viewing Sun

When students are domg intvestigations that require viewing the sun, it's best to do more than caution them agamst
looking directly at it. Materials should be made available which they can use for observing the sun without running-
the risk of eye damage. Ordinary sun glasses are not sufficient protection. However the foliowmg methods are consid-

ered safe.

Indirect Method

Instructwns -
Punich 2 small hole Into the cardboard and hold it sp that the sun is at the viewer's

" back. The sun’s rays can then be focused through the hole onto the white pager,
sh_o_wn‘-lg safely vhié sun's disc.

Pinhole Camera Method

lns‘l;r-uctlans

Faste the paper inside one end of the box. Punch Two holes on a vertical ling about a

foot. apart in the Oppos*‘!:s end. Place the label over the top hole and plerce it with 2

pier. Then seal all the box seants so that no extra light enters, The observer stands
s with his back to the sun, iookmg through the bottom hole. The box should be moved
around slightly uirtil the sun’s 1mage cornes through The| pmhole and appears on the

R

PZPBF‘

White Paper

To S#"
—
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Telescopic Observafions
If' you are planning to view the sun with a telescope, be ¢ertain that it is equipped with & reliable solar filter. Check the
filter before using it, making sure thar it has no ¢racks or scratches. Under no circumstanices should you look through { o
the relescope withour the proper filter. Similarly, do not look through binéculars or into a mifror to view the sun., -
A projection system can be set up using your telescope or binocularé t; view the sun. By orienting the instrument so

that it points in the direction of the sun, you can prdjcct‘ thu; image of the sun.on a piece .of paper or cardboard held in
front of the eyepiece. DO NOT LOOK THROUGH THE EYEPIECE. Many instr.umcpté will be damaged if

pointed ar the sun too long, so check with the manufacturer of your instrument before taking a chance.

Note : :
DO NOT use the Project STAR Refracting Telescope {manufactiired by Learting Technologies, inc.) for viewing the sun. It

hzis b protective fiiters arid woild not be safe for this purpdse. |

e R e
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be"i--liog.rqphy' for Extension Activities

Chamberlain, Von Del, Functioning as & Member of tbe Network for Analy.m' af. Fzm&all Trajectories,

Michigan State University, 1969. pp. 1-8.

Hamburg, Michael, Asm:-fnamy Made Simple, Déubl_cday Books, 1993. 237 pp.

: Harﬁard Project Physics, Néw Yo‘rk- Holt, Rinehart, and Winston, 1970.

Investzgatmg the Earth, 4th edztzan, Farth S¢ience Curriculum Project (ESCP), Boston, Houghton
Mifflin Company, 1987. An-carth sciencé text for junior high school students, funded by the Na-

tional Seience Foundation.

Morrison,, David, , Sidney C. Wolf; Andrcw Fraknoi, Abell’s Exploration of i the Uhiiverse, Saunders
College Pubhshmg, Philadelphia, many editions. An astronomy text for college students. Page
numbers in Suggested Resources refer to first edirion unless otherwise noted,

Zimn, Herbert Spencer, Stars: A Guide to the Constellations, Sum, Moon, Planess; and Otber Features
of the Heavens, Golden Books Pubhshmg Cos, 1985 160 pp.
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Annoiu!ed Perlodlcul Blblllogruphy
for Exiension Achvmes |

The American Ephemeris and Nautzazl Almdnac, Wash.mgton D.C., Govcrnment Printing Office.
Published annually. Regulatly contains the following in addition zo other information:
Edlpses of the Sun-and Moon.” Charss, miaps, and narrative describing the eclipses occur- -
_nng in the current year.
“Heliocentric Ephemerzdcs of Major Planets.” A chart of the information described by the
tidle.
‘“Mean Places of 1 078 Stars.” A chart conta.uung ‘the name, magmtudc, spectral class, a.nd
posttion of 1,078 stars. o :
“Moon; nght Ascension, Declination and Honmnta.i Paraﬂax for Each Hour.” A cha:t
- containing the information described by the title..
“Sun- Ephcmens for O'E.T. Precession and Nutauon in Longltude: Obliquiry.” A chart of
the informarion dcscnbcd by the dtle..
“Suntise and Sunset: Twilight.” A chart of the information suggcstcd by the title.

Watson, Paul §. A chart

The Maryland Academy of Sciences Graphic Time Table of tbe Heavens,
Maryland Ax:adcmy of

| depicting the heavenly events of the current yeds; published annualiy by the
Sciences, 7 W, Mulbetry St., Baltimore, MD. -

The Observer’s Hundbook; Toronto, Royal Astronomical Seciery of Canada. Published annually.
Regularly offers the following in addition 1o other mformanon

“Eclipses During...[the current year] A chart and map of the year's echpses
“The Brightest Stars,” MacRa.c Donild A. A chart containing nine items of information
" about 286 stars plus: their location:
“Meteors, Fireballs and Meteorites,” Millman, Peter M. A chart and narrative describing the
occurrence of these phcnomcna. :
'“Time_s of Rising and Setting of £ the Sun and Moon.” A chart of the informartion suggested by
the ttle.
Sky and Telescope, Cambridge, Mass., Sky Publishing Corpofaﬁon. Monthly periodical.

e A e T A /o X
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~ Stars & Skies,
STARLAB Activities for Grades 7to 9
(plus Appendix)

An E.S.E.A. Title IV Project, 1979

The Stars & Skies project wés‘or'iginally developad in 1972, The activities in this section have been culled from the
original document. and updated by Gary D. Kratzer. These activities should be especially useful to the beginning.
STARLAB user. Each section contains suggested student objectives, background information, and planatarium
activities. This section also contains supplemental activities to be used as pre- or post-planetarium visits and an
Apperidix with scripts and directions for construction of support squipment.

Revised by Gary D. Kratzer -

©1997, 2009 by Learning Technologies, Inc., 40 Cameron Avenue, Somerville, MA 02144. All rights reserved.
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L ppen,

_Objectives

The student should be ableto:
1. Idensfy the following phases of the moon; fist crescent, frse auarter, waxing gibbous, full, waning gibbous, last
quarter, last crescent. .

Identify and posmon a slide unagc of any phase of the moor. i

Identify the approxxmate tirne of day by vmwmg a slide image
Identify the major areas of highlarids and “seas” on the sutface 6f e moon on a projected image of r.he full moox.

win the tizn of day.

I e ﬂSlIlg o0

R N TN

Identify, from a. projected slide image, the following major surface festures of the moon:

a.  The craters: Copernicus, Plato, Arch.lmedes
b. Any other features selected by the teachet.
Visually dxffcrcnuatc between 1st, 2nd, 3rd, and 4th magmtudc stars.

6

7. Miake 4 dixect corrélation between star color and 1 mc:reasmg Star tempes
8

9

Give a numerical estimate for the amount of apparcnt stellar motion pis

Give 2 fiumerical estimate for the amount of “drift” of the 10 o’clock p- 2 of any given star along the ecliptic.

10. Look at the night sky and tell which season it is.

11. Locate the 15 brightest stars in the sky throughout t:he year at your focat ;
12. Identify 14 constellations containing the 15 brightest stats at your focal &
13. De¢monstrate an undcrstandmg of wlly Venus sometimes appears as the

other times.

g star” and as the evening star. at ( ’
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Moon Phase l'denl'ificuﬁon, Activity |

Ohbj |echve
The student should be able o xdenmfy the follomg phases of the moon: first
crescent, first quarter, waxitg g;bbous, full, waning gibbous, last quarter, last.

crescent.

qukground informaiion

The changing shape of the moon is one of the most conspic:uous of the celestial
phenomena. As the moon revolves around the earth we see increasing and
decreasing amounts of the moon; The timé interval berween twi successive new
mioons is called a synodic morith which is a hrtle over 29Y/, days.

During the first kalf of the synodlc month the amount of the moon visible from
earth increases each night: The moon is said to be waxing. During the second half
of the synodic month, the amount of the moor visible from the earth bccomes
less each night. The moon is then said fo be waning. :

At the beglnnmg of the synodic month the sun and moon rise and sct-fogethet. Thc moon can therefore not be seen.
This is new moon. Each night the moon riscs anid sets-about 50 minutes later, : :

One night after the 5éw moon, the sun sets and the moon will still be above the horizon in the west. . The moon will
appear as a thin crescent, This phase is catled first crescent. On the second night after the new moon; the moon will
set abour 100 minutes after the sun. The crescent will appear thicker than the night before, The points of the crescent
are always away from the sun (to your lefr during the first half of the synodic month). About '/, of the way through
the synodic ; mcmth (about seven days after new moon) the moon rises at noon and sets at midmght. By this time, half
of the moon is visible ffom earth, This phase is called first quarter. About ten days after new moon, the moon rises in
the middle of the afrernoon. More than half of the moon is visible, This phase is ca.flcd waxing gibbous. About
halfway through the synodlc month (about 14 days after new moon) the moon rises at about sunset. The entire side of
the moon toward the earth is visible. This is called full moon. About 18 days after the:niew moon, the moon rises
about 10 p.m. Over half of the moon is visible, This phase is called waning gibbous. Three quarters of the way
through the synodic month {about 22 days after the new moon) the moon rises at about midnight. Half of the moon
is visible, This phase is called last qua_rtcr ot third quarter. Abaut 26 days aftér the new moon, the moon rises at about
4dam. ltis crcsocnt—shaped again; however, the cusps point t6 the nght {away from the sun). ,

The synocixc month ends a.nd bcgms with new moon.

F’rocedur-e 1
inthe STARLAB set up the PI“OJGGT;OI‘ arig Starfield Cylinder To pr‘o_;ect various moon phases or use the slide

projector and the ecliptic slide projector mournt 1o project the slides of the moon phases. If your slide projector is
equipped with 2 zoom lens, adjust the image size for realism,

Begin with new moon. Tell the students that the sun and moor rise and set together in this phise. Ask why the
moon caitt be seen, Foirtt out that The moon is very close To the sun and it's lit side is away from the earth.

Mention that the new moon causes solar sc:hpses when it comes between us and the sun so we know it is there

even if we can't see it
~  Projéct the waxing crescent slide in its position at sundown.
Foirt out that the moon rose about fifty minutes after sunrise and thergfore will set about fifty minutes zfter
_ sUnset being visible for about fifty minutes in the west. Note that the cusps are pointing away from the sunor
towdrd the east as seen from our hemisphere.
Suggestion: A rheostat-controlled light can be used To simulate day and night and to make it easier to compre-
~ hend the passage of time between phases, A studertt can be used to operate this device.

Continue to project the phases in order, emphasizing that the portion of the moon which is seen from the earthis
getling larger each night, At full moon emphasize that the moon rises about the same time the sun sets, and that
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- we are now through the waxing half of the lunar month.
Conzinue to show the phaées pointirig out the part of the moon which we can see from the earth is becoming
simaller each night_’during the waning half of the lunat manth, Note that the cusps of the moon point toward the
west during the waring phases. After the {ast: crescent is shown, poirt out that the sun has now “overtaken” the
- rHioon and they will again rise and set together. Ask the students the name of This phase.

Now hz:ivé +the students tell you where to project the phases as you run through a Iuhar month, Studertts.should be
able o give the approximate position of the moon at siindown forthe first hatf of the luniar month and the approxi-
mate rising time of the moon for the second half of the month.

cedure 2. .

- Fro - o
“  lnthe STARLAB, have a teani of studefrts project the phas.

_ &5 m° the moon to demonstrate a lunar m;)'hi;h. The
-position of the moon at cundown works well for the waxing phases. Moofirise time works well for the wanifig phases.
This is accomplished in STARLAB by placing al of the mion phiases on the Starfield Cylinder iri order:

Piacs the first waxing crescent on the first hole to the right of the sun (depends on ‘the montH you are obsérvng).
No projectoris needed or the Bth hole for the pogition of the full inoon, The rest of the wariing moon phasé
projectars will fit in order and will be to the left of the sun posttion. :

Remember: the lighted side of the moon alwaysfacss the sunt

aTAa



Moon Phase Position, Activity 2

Objective |

The student shou[d be able to 1dent15y and position a projected or slide i image of
any phase of the moon, given the time of the day and the equipment supplied
with thé STARLAB Pon:abic Planctarmm.

Buckground lnformu'llon
Sc_e backgro und_ mformgnqn{for Activity 1.

Pr'ocedure

+  lnthe STARLAB, usethe Starfield Cylmder with frioon phases or a slide
prOJector anel the echptsc slide projector mourntt 1o project he phases of the
Mmoot in Fatidom order: Give the students the approximiate tithe of the day and
have theiidertify the phase which is beirig projected.

+  Remind the students that the direction the cusps are poiniting is an important. key to their identification,

' Havethe studsents identify the phase of the rioon by shape and the direction the cusps are pointing,

Time of Day, Activity 3

. Obieciive'
The student should be able to identify the approximate rime of day by viewing a
projected image or slide i image of the rising moon, given the equipment provided

with the STARLAB Portable Planetarigm.

Background Infermedtion
See background information for Activity 1.

Procedurs
Inthe STARLAB Fortable Planetarzum use the slide projector and echp‘l;lc slide

projector mourtt Yo project the phases of the moon In random order. Position the
projector for moonrise and ask the students the approximate time of the day. Also ask if the moon could really be seen

in this posrl:{on

.!;"5""!"7\.
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Surface of the Moon, Activity 4

Objective :
The student should be able to identify the major areas of highlands and “seas” on
the surface of the-moon ofi a projected tmage of the fiull moon.

chkgroulid Informafion _ .

Two sketches of the moon are provided below to aid in the identification of lunar
features from the _Pm_j'c__c';t{on szl_i_d*r;’-. They may also beused as 4 ggide‘ when obsetving
the moon dhrotgh 4 tdc?éop"g._ The first sketch shows the actual moon _posicion is
with the North Pole iti the standard “up” position. The second sketch is of the

inverted telescopic view. $ince almost all lunar observations are tnade with a tclescope, it i suggESIed that the inverted

view be used with students.

AT

Sea of Crises A . Aristarchus
Sea of Tranquilliry ' ' C. Copernicus
Sea of Clouds K. ‘Kf:_plcr

Sea of Rains Plato

Ocean of Storms Tycho

PN

AR
:—-Im'pﬂ

Procedurs
Project the glide of the full moon. (This may be done in the classroom or in the STARLAB at the teacher’s discretion).
Point out the Highlands and lowlands on the photograph. Emphasize that this photograph was taken through a tele-
~ scope andisth grefore iriverted and mush langer than what s seen with the naked eye. Folimtout that the highlands and
- iowlands may be seen without 2 telescope and are quite clear with a pair gfbinoculars, Suggest that the students
observe the moon the next time it is in faverable phase. Discuss the reasor why the lowlands are called “seas.” Ask the

students it they can explain where some of the names of the “seas” came from.

S
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Moon Feqiures, Activity 5

Qbiechve

The student should be able to 1dcnm’jr from a pro;ected slide image, the follow-
irig major surface features of the moon: the craters {Copernicas, Plaro,
Archimedes) atid any other _featurcs selecred by thie teacher.

Buekground information

Mapping the Moo ~= The first maps of the mooft date back 1o those made by
Galileo. In 1610 Galileo observed the moon with his telescope and mapped some
of the details which were revealed. Gahlco thought thit the large dark areas of the

moon were seas. His nan:ung of the “seas” is sill with iis today, Galileo also .
mcognm:d the mountainous areas of the moon. In about 1651, j B. Riecioli began the 1 pxacttc:e ‘of naming craters after

scholars, glvmg s many of the present crater names. In 1935, the Tntetnational Astmnomical Union publxshcd
Named Lunat Formations which was 4 catalog containing. about 6,000 lunar feanures, With.the advent of sarellites our
knowledge of the moon leaped forward. In 1959, the Russian satellite, Lunik 111, sent the first pitturés of the far side

" of the moon back to eatth, Information about the moon has béen accumulatmg at a staggerihg rate ever stnce, The

accomplishments of the United States manned space programs hias echpsed much of the eatly speculatlvc wotk about
the moon and we now have direct evidence to support ma.ny observations. NASA makcs a mde variery of matenals

available'to schools mdudlng actual samples of mioor rocks.
Lunar Mountains — Thre¢ ranges of lunar rmotintains are found along the west side of Mare Imbnum Unlike niany
lunar featurés these mountaing somewhat resemble our mountains liere on earth. Some of the peaks in this area may

risé as high as 20,000 feet based on shadow measurement techniques, Lutiar mountains as well as other feamires do not

show the effect of weathering and therefore are much different from what wé see here on can:h

Lunar Seas — The large dark dreas of the moot aré called seas of niarfa, This name was first glvcn them by Galileo and
has endured even chongh the “seas” are actually plains.

Lunar Craters — The nearly circulat cravers of the moon are probably thie most unique of the moor’s geographieal
features, The numbeér of craters probably exceeds 30,000. Thcy range in size from just a fow feet across o over 150
miles across. Thcre is still much debate among scientists concerning the origin of the craers. "o

Procedure
Show the students the slide of the full moon which has the migjor geographic | features labeled. Have them maké 2

. sketch showing the appmmmate locatior of the ma Jor features.
Explain to the students that most moon observations ars made throtgh telescores which invert the image which
we seg, anid therefore what we see is really ups&de dowri. Exp]am that to make observation easier, many moon Maps
are drawn just as they are seen through the telscope, even though it is really upside down.

Poirt out key géographic features such as the cratérs, Copernicus, Plate, and Archimedes. Explain that other
features may bs found using these easy-to-find features as po;m:s of reference. Ask where the names of the

craters came from.
- Have the students locate the features studied above.
If at all possivie, have the students look at the moon through 2 telescope. If this is not possible, have the students
look at the moon through 2 pair of binoculars. Some. of the geographxc features can be sseen. Remind the students
“that binoculars don’s invert the image so the moon w:ll appear inthe same position a5 it aioes with Thehiaked eye.
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The Mdgni’l‘uder of Stars, Activity 6

Objective’ ,
The stu&ent should be ablé to visually differentiate betwer;n_ Ist, 2nd, 3rd, and
4th magnirude stats.

Buckground lnformuhon
What causcs the stars to vary in bngntness from oné star t6 another? Fesides local

sl

weather conditions; especiallywispy cirrus clouds which indiscriminatel; veil
sonie stars but not others, stars may be umformiy bnghte:r or fainter due w0 particulate pollution, or the background

light produiced by cities or a combitiation of both, In the country, onie ¢ see stars that are 2.5 times fmnter than

those seen in the city sky—a good reason o head to the gountry for stirgaringl

All the factors mentioned abave ate earthbound sources of stat bnghmess vatiation Whlch TSt have msplrcd the

familiar “Twinkle, Twinkle Little Star.” Viewed from earth orbit, however, £ stars do not twinkle. Now what ac-

counts for thie variation in star bnghmess? Casual obsérvation of a bright, canspicuots star and 4 n_carby faint star

makes it impossible to tell Whethcr the brighter of the two stars is simply much closer to us than the faint star or

whether the bnghtcr staris more distant but much larger i in diameter. Star disrasices vary from 43 jight;yqar_s’, for_'the_ _

stat neirest the earth to over 4 billion light years for the most distant gbjects we can see. A hght year 1s .
5,880,000,000,000 miles, which is the distanice light travels in one yeat. '

The cilamctcr of visible stars cap vary from dwarf stars, which are about the siz: of the earthi, to stars Wn:h dlameters of

1 to 2 billion miles, These very large super giant stars would swaﬂow up our stas; the sun, a.nd all the planiets out ro
Satum, if placed at the center of onr solar systemi. ,

Because stellar disrances from the earth and stellar diameters €ncompass such 2 huge range of dxstanccs and d.zamctcrs,
itis notarall surprising thar sofne stars are $6 bright; while othess are so fitnt, To comiplicate matrers, stars have an /
absolute brightness and a relative ’bnghmess The relarive brightness is exactly whar we see ar night, If all stars were As
placed the same distarice from the earth, then we could view theiz absolute brightness, which migh be surprising

because somie close bnght stars would bc fainter and some distant faint stars would be mirch bnghtcr_

Pr-ocedur'e

Spend some tine d|5cussmg star bnghtness wmh youk students, Tryifig 10 draw ot the factors that influsnce -
star brightness mentionied in the background material. A ood technique migh; be o set The night sky to any
arbltrary position then 5Iowly turn up the side lights WhI]B asking students to explainwhy the starsare 'Fadmg from

view. Thig should lead riaturally Lo a discussion of pther Factors influencing stellar brightness.

Slowly dim down the projector: The faint stars should disappear first, foliowed in order by brighter stars, until just
the brightest stars remain, You should practice this in the planstariutto firid a consteilation which “behaves” well

with the dlmmer swn:ch A good candldats is the Little Dipper.

Note
The diagram here shows why the Little Dipperis difficult to find
sometimes, especially in city light. The four 4th magnitude stars are at

the limit of “seeability” in city light

3rd §

Extension Activity
itis poss-]b]e to Yeach about star brightness by using a simple-te-build
" variable light source which can have many uses in the planetarium. Detailed plans for the variable light source can be found in the

Appendix of this booklet. The dial for this homemade instrument is shown here. ‘ {
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Procedure

Tufrithe control on the unit to max, leaving it There for several mihutes to warm Lip. Next “test” your students’
eyesight (and your dexterity) by 5Iow|y1;ummg dowrithe control to letter A If you push too far beyond A, the light
will 4o out and you will have to start at F again, Now with the light just barely vistble, move the control te B. The light
intensity is now 2.5 times greater, the same changs in brightriess between the fazntest stars we can seg and the
nexct brightest stars. Again move the corbrol to C and gtate that now the llght is 2.5 times bng hterthan it was at

- Band 8.3 times brighter than the first posttion A,

Now challenge students to tell you when To stop as you make the bulb brightér so that the bulb will be 2. 5 times
brighter than the previous position C. At DThe bulbis 2.5 times brighter than C and 15.9 times brighter than A
Continue this procedure until you have tirned to F; Now the pulb is 100 times brighter than it was at A.

Explain that there are & positions of brightness and 5 changes which have taken piace. Each cliange is called 1
tmagnitude. A Englishman named N, R. Pogson proposed in the late 1800s that the six (6) magnitudes of stars
visible to the naked eve under the best viewing conditions shouid represent a change of 100 units of brigiiness.
This means that the 5 changes in magnitude from &thto st magnitude stars should span 100 units. The question

- now becomes, “What number raises to the Sth power is oo

X3= 100

X=25119
Ist 2nd 3 4th 5th 6th
\2.5/\ /\25/ \25/\25/

f'.‘h“'-\ -

This is why if you call the faintest bulb reading I unit then 5 changes of magnitude later, the bulb is (2.5119)° or 100

times brighter.

« 7S : Grades 7-12 Lessons



‘Here are some interesting magnitude comparisons, based on the visual magnitudes listed below. -

* Sum -26.7 j ' . o x
v Fullmoon: -12.5 : ) : £
* Venus: -4-5

* Sirius (the brightest star); -14

s The faintest star seen with no telescope, under the best conditions: +6

sun = (25119%7 = (25119)% = 478,670
m_oon. (2.5119)1 '

{Since the 5ngi9ter the objeit; the smaller

The sun is almost 500,000 times brighter than the full moon. _ she misgnitude riember, very bright objects
‘ ' ' rritist fmﬂe m’ga!zzvc magmmdes)

Brightesrsar = - (251190 =  (25119)% = 912
Faintest star - (2.51 19)¢ .

The bnghtcst star is almost 1,000 tmes brighter than the falntest star. The important thmg to reriiémber is that each

magnitude is a change of 2.5 compared to the previous one.
Use'a calciilator to quickly make other similar compamson ‘calculadons: The 1 1mp0rtant thing to remember is that ecach

- magnitude is a change of 2.5 compared to the previous one.

# %,
Ea T

o
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A student should be abie to make a direct corrclatlon bctwcf:n star color and

 In the carly 1900s two men, Ejar Herr.zsprung and Henry Russcll plotted 2 graph

. surface temperatures of stars, Listed below is a qualitarive description of this

Star Color and Temperature, Acfiv_ii'y 7

mcrcasmg star temperaturc. )

Background information

of the absolute miagnitude of a star versus its color. The tesulting diagram called
the H-R. dla.gram has been used for 70 years to draw conclusions about the

relationship.
Color Surface Temperature
Greenish White 62,0_.00°' E .
Bluish - 44,000°F
White 20,000° F
Yellowish White 12,300° B
Yellow 10,000°
Orange Yellow ~ 7,000°F
Orange - 4,900°F
Otange Red : 4,200°F
Procedur'e 1

By Turning the variable light: source up To maximum then slowly decreasing the brightness, students stiould be able to
see some color changes. To maximize this activity, the iarge 4 1/,” diamster 60-watt frosted bulb should be replaced
with z regular or clear 100-watt bulb. Afbhough colors: ranging fmm white” to orange can be seen, this does rot mean
that the terperatures rangs from 20, OOOCF to 4200°F, The tungstén filament inthe bulb metts at.8,100°F! The
range of colors from the bulb is characteristic of heavy Elements, however most stars are composed of the first six

- elements, especially hydrogen, The regal point to this exercise is that the whiter it is, The hotter it is, somethitig most

sbudents kriow intuttively,

Procedure 2 .
If 2 high: voltage source and some gas discharge tubes are available, it is possible for students to see firsthand, the

bands.of light; in an element’s spectrum, If you have never-operated this instrument, it is best to get some heip
from a physics or chemistry teacher. Do riot let the “high voltage” part of thenaie scare you.

The shock obtairied by purposely touching both contacts is much rore like a good “scuff across Tthe rug in the

wirtber” shozk, :

It can come as z real surprise to students to realize that: the elements found on earth are the same ones found in
The stars, and that the spectrum of the star light is what tells us which eiements are present.

Besides the voltage source and discharge tubes, you also need a piece of diffraction grating. Diffraction gratingis 2
small piece of clear plastic with 10,000 to.13,000 eveniy spaced parallel scratches per inch. The “scratched
piastic” does exactly what a prism does. White light is broken Up irto its colors, (Diffraction grating is avallable in a

. variety pf sizes fromi Learning Technologies, Inc. at 1-800-537-6703.)

- When looking through the grating, lock off to either side of the bulb to see the spectrum.

After years of observing stars and the spectra of their light, it became obvious that the spectra fell into catego-
ries or types, The spectral type and the color are shown in the following chart. :
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Spectral Class
0

Z.XT A Q M d

Visual Color
G'r'_ssniah-whi'iiﬂ
Bluish

White
Yellow-white
Yeliow:
O?;angs-'yeilow
Orarige
QOrange-red

(Grades 7-12 Lessons

.82



“

Apparent Stellar Motion, Activity 8

Objective
The student should be able to givea numcnca.l estimate for the amourt of
apparent stellar thotion per 2 minutes.

Buckground ll_lfﬂ!_'ml_li‘_lo_l‘_l‘ \

If you' timed how long it took for a given constellation to return to its original
position in the sky ﬁ-orn one hight to another; it would take 23 hotrs and 56
minttes or 1,436 minutes, Sinee the star c:m:icd around” the earth once dunng
that time, it Govered 360°, Any star appears to miove ¥/, of 360° in 6né minute.
This is /1436 or.25%

A quarter of a- degrec per minute i difficult to grasp, however .5° per 2 minutes is easier to understand because the full
moon has an angular diameter of .5% So simply stated, any star or constellarion along the ecliptic moves westward
abour the diameter of the full moon every 2 minutes through the night and day. Stars and constellations toward Polatis
from the f.Chpth, cover less distance even though they too “move” at.5° per 2 minttes.

It is useful to think of a rotating wheel t help with this coricept. All points on the wheel sweep out the same angle in
2 mmutcs, however, it is obvious that all points do not cover the same distance. Becatisé ma.uywell -knowti constcﬂa—

tions “move” through the sky along the cchpnc, thc ‘moon’s width measuré” in 2 minutes is useful; even if it docs net

work for starg closcr to Polars,

Frocedur-s :

An easy Way for students to grasp the nightly “movement” of the stars i to time-lapse the night, If you assums
that.you are lockihg at the: nightt sky when s spring orfall; therg would be 60 x 60 x 12 or 43,000 seconds of
vighton a giveri evening. By makifg thmgs happen 10,000 tiriies faster, the night would only last 43 seconds.
Duiring this 43 second night, a star just rising as. mgh‘b starts should set at dawn 43 seconds later, The
Starfield Cyliider of the pro;ector will accormodate this movetsnt sasily, With practice using the dzily motion
switch, you shiould be zlble Lo move the cylmder' uniformly 50 that your reference starrises at sunset.and 10
seconds later is exactly southeast, Twengy seconds after suriset, the star should be at.its maximum height in the
sky dhie south, AL B0 seconds, the star should be exactly sbuthwest; and at 40 seconds, it should be 56’1:tmg Jjust:

ds dawn biréaks.
As you become sKiliful, you may want to use the variable light source to simulate the setitinig and Hising sin,
otherwise, 2 Capab[e student cah control the suri at your direction.

Note
Remember: every 10 seconds of daily motion in STARLAB, equals 1 hour of apparent sky motion.
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Star Drift, Activity 9

Objective
The student should bc able to give 2 nu'm_eric_al estimate for the amount of “drift”
of the 10 o’c_I’qc'k position of any given star along the ecliptic.

Background Information

The whole parade of constellations seems to __Lif'i'vc_,\t= around
course of 1 j_ea_r, a gii_mri_ _co‘nstc]lat_ion returns to the exact posi.tio‘n where it was
first sighted. This means that in 365 nights, any given star Moves ina :_:_qmp_lctc
circle, 360° about Polaris. The amount of _n_igh_;_ly “drift” is therefore %/ nights
or .986° per night westward. -

It'is close enough to say that thé stars

Polaris, and in the

deift westward 1° per night during a 12-hour night, a star just rising at sunset
would éover 180° of sky and set 12 hours later ar sisirise. The next night, at the same time, the samé star would be 1°
west of frs previous risifig location. It would now only have to travel 179° and would set in slightly less thart 12 hours.
f the previous night's journey, it also only takes 7, of 12
(or about 4 minutes) i the arnount by which the star tises and

Since on this second night the star covers o;__n_lf 2f 166.©
hours-or 11.9% hours to set. The difference, .07 houts

sets earlier each night.

‘Assuming a 12-hour night, it woidd take 12 hours/night x 60 min./hour
: 4 minares ' '

or 180 nights for a constellation just rising i1y the east at sunser to slowly work its way across the sky so that it was just -
setting at sunrise. Here are sdrﬁ_e,- acmal star obscrvations t0 SUppOLt this ides, At 10:00 p-ms CST, Feb, 15th, the’ &:l
constellation Virgo rises due east 4t suniset and or August 14th; 180 days later, Virgo is on thé western horizon at 9:00
CSDT (10 p.mi. CST) at sunset. During this time, all the stars bave completed half of their yearly arcs just as Virgo

. has. 'Thc reason for th1s 1° drift each night is best ﬁ.?'i_PIé.iI;led by a dlagram

Farst
Suriset

1.6 million miles

Second § --_-______________I;b_itar*

Surser

At the first sunset, if you see a bright star and fix its position, then the next day when the star is in the exact same
ugh 1° more before 24 hous has

the sun will scill be above the horizon. The earth will have to tutn thro
e the sun circles overhead once in

che srars “circle” overhead once in 23 hours, 56 minutes, whil
and the 23-hour, 56-minute “day” Is called a

position,
lapsed. Stated simply,
24 hours, 0 minutes. The 24-hour day is called a solar day, of course,
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sidereal day. Because even the nearest star is s6 far away, viewing a star from two different poirits on 1 the earth’s orbit 1
day apart (1.6 million miles) does not make any difference in the direction of sight. The linies of sight are parallel

From the dramng It is obvmus thar I day docs make a difference In the direction of the sun’s center

Procedure
By coomimatlng of the Variable Light Source (mpr‘esent{ng the sun) with the Starfigld Cyhnder onthe STARLAB

projector the rapid passage of time can be simulated, Fosition a conspicuous consteliation such a5 Orion so that it is
due south. Then turn upthe Variable Light Source to maximum simulating suirise. While the “sun” is still up, advance the
oylinder westward sbout 1 then dim the sun. Orion shouid now be a listle west of sputh, By repeating this pattern 15

times within about 3 o4 minutes, Orion will have moved one tenth of the way across the sky and the passagé-of about
3 weeks of time will have taksn vlace, Ah:hough the coordination of sur and starl[ght inight seerm complicated, this is
the sequience we ses. To simply sweep Orion across the sky iz somethmg no one sezs. If necesear;y, 4 competent

studsnt can riin the sun for- you,
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Season Identification, Activity 10

_ Objective ‘ . ,
The student should be able to look at the night sky and tell which season it is.

B‘qckg_ro’u_ﬁc[ infermuation

The seasonal passage of time is an important concept and an easy one to demon-

strate with the STARLAB Portable Planetarium. Stars and constellations along the

ecliptic are visible about 6 months from rising to sctti_ri_g_. Constellations below the
ecliptit_: are visible less than 6 months and constellati_o'_ns_' above the ecliptic towards ,
thc'polc‘é:'ta.r are visible for more than 6 months. Any constellation which is within the circle swept out by the holding
end of the hapdic’_'of the Big Dippet will be visible yéaljfxoqnd. These constellations are called circumpolar. All of this
will seetn much more real by Workmg with a star finder. (See the K-6 section of this User’s Guide.) '

It should he mentioned that the generalizations above apply to 40° north latitnde observing but substitution of your
{atitude is récommended. All the visible stars at the North Pole are visible contimiously throughout the year. They are
called circampolar constellations. At the equaro, all constellations ate visible for 6 months, Since the North Star is
right on the horizon, circumpolai cons.tellaﬁons have no meaning. At latitnde 'qf 40° north, we have some of each.

Procedure

« . Picka conspicuous consteliation like (
north, The date corresponds to Octeber 21 for 10 p.in. Vi
about: 1o set i the west. This date corrssponas to Apri

manths exacily, ) 7

- Nowback upto Otor’s rising position again, then advarice the cylinder z littie more wéstward until Canis'MaJOr is
Just in view: This corresporids to Detember 3rd for 10 p-m. vigwing, Agair é’d\ianqing_ the cylinder westward, stop just
before Canis Major eets. The date is now Aprl 5k, The total time passage has been about 123 days, consideravly *
short of 6 manths, This shortened visibility becomes shorter for constellations closer o the horizon at 40 norih.

< Nowagain set: Orion at its rising position (October 21 for 10 pm. viewing), put this time, rotat_fg. the Starfield
Cyiinder eagtward until the Pletades {the Seven Sisters) are just fising. This corresporids to August:1 Oth 510 pm.

Nowe rotate the gylinder westivard Uil the Pleiadeés are just ready to set, This is now April 30th aL 10 p.m. The,
total time lapsed is 263 days. ' '

+  Thepointto make here i&that as the segsons. pmg_re’as.. new cors
set if they are close to the ecliptic, Constellations close to the pole
o the Horizon, are visitie for less time. :

- Nowrepeay this same dctivity for North Fo
follow each time.

. For our latitude, There is a simple way to tell at-a glance what scason it is. i you view the Big Dipper corttinuously at
10 p.m. throughout the year, you wouid find that in thie fall, the same twe stars of the Big Dipperwhich point to the
North Star, also poirt exactly south. In winter, the same two stars in the Big Dipper point west at 10 p.m. In The
spring the two Dippér stars point norih, and in summer they poirtt east. The planetarium projector with the
Srarfield or Consteliztion Cylinders will show this nicely. A good memory device to help students remember this is:

in the spring, birds fly north and the pointer stars poirit north.
In the fall, birds fly soLth 2nd the poiriter-stars point south,

In wiriter, The poirtter stars point west .. . W for winter.

I summer, the pointers point east. '

Orion, Bét the projector &0 that 4l of the constellation is just visible a1 40° . '
ewing. Now slowly rotate the jcyl'ihder’until Orien is just
115. The total time passage was 183 days, almost [

zellatiors rise, are seen forabout; @ months and
star are visible longer and constellations close

ie observing and equator observing. Orion is.a good constellation to

v,
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Star Brightness 1, Activity 11

OBIeciwe
The student should know where ro find the 15 bnghtest stars in the sky through-
‘out the year at latitiide 40° north.

Background Information

Some stars within 50 light years from us seem especially bright. Several good
references list bright stars and information abouit ther. 4 Field Guide to the Stars
and Planets by Donald Menzel is especially good. The table below has been
compiled frof several sources including the one mentioned above. Besides the visual brightness; the bnghtness
compated to Polaris has been calculated. Since Polaris is alwys visible, whenever the other 15 bright stars become
miblc, visual compansons can then be made with calculated compa.rxsons at hand to supplement direct visual com-

panson

Term ' ' :
Relative magnitude = how much brighter the star is as compared to Polais '
15 of the brighrest stars visible at 40° norch latitude with 'bri_g_htn;ss comparisons madg relative to quari_s._ -

Cons_teﬂ'la.t'ion Star _Visu_ai Relative Li_ght Yeais -
: , : Magnitude Magnitude from Earth
Canis Major Sirius -14. 25 8.7
Bootes Arturus _ =1 7.7 38
Lyra Vega 0.0 70 27
Auriga, _ Capella :1 6.4 46
Orion. ~ Rigel 2 5.9 500
Canis Major Prbcyon A4 49 11
Aquila Aleair 7 37 16
Ordon. Betelgeuse | 7 3.7 300
Taurus Aldebaran 9 31 64
Scorpius 7 Antares .9 3.1 23,.0 '
Virge Spica 1.0 2.8 190
Gemini Pollux 1.1 2.6 33
Pisces Austrinus Fomalitaut 1.2 2.3 23
Cygnus Deneb 1.3 2.1 650
Leo Regulus 1.4 1.9 78
UrsaMinor ~  Polasis 2.1 1.0 470
Note

The catagory “Light Years frorn Earth” was taken from A F'e[d Gu:deto the Stars and Planets, 1964 edition by Donald
H. Menzel.

Procedure
= The task of getting to know 15 bright stars can seem like senseless busy work, however, it is 2 worthwhils skill to

iearn because it allows an observer to navigate by eye, a desired path through the night sky, This skill is rather like
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the ability to drive around town by using £amiiliar landmarks.
A real key To helping studente remember these 15 bright stars is to invent a multitude of games that stress quick
recall, Repeﬁtion s an importait strategy. Exanples of some games Hiclude:

Game 1 Fosition a consteliation along the due south reridiar znd ask “What is The brightest star in this constella-

Tiong '
Game 2: Have sthdents come up to the projector one at a time:
o move the Lonstellation Cylinder or Starfisid Cylinder on the p

72 them the name of 2 bright. star, then ask them
tor uritil the constellation containing the

1 to the bright starn -

- what the constellation is 5u"pposed to

= Swan.” Ask them to name the stan

Game 3 Try identifyiig 't_hé-conﬁtellatio'n corrtalning the bright sta:
represent. For example: “Tm thinking of the name of the bright star i

Game 4 Yourturn to invent onel

faradec 7-12 1 scanna
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Star Brightness 2, Activity 12

Obgeeiwe
Theé student should be able to identify 14 constellations containing the 15
bnghtcst stars, at your Jatitude.

ﬁq_ck:g_rouni Irn'l"orm:i_i‘on _
There are certainly many choices and preferences when it comes to which constel-
lations to rémember; Altogether, there are 88 constellations in the combined

_hemxsphcres, rotighly 44 i cach. :
- A reasonable place IO start i with the most nauceablc stars and the constellations of whlch they dtea part For 40°

north for cxa.mplc, the conistellations containing the 15 brightest scars are:

1. Canis Maj_o_: 8.. Tauriis

2. Bootes ¢ 9 Scorpiu;s' :

N 10, Virgo

4, Auriga S ‘ 11, Gemini .
5. Orion 12, Pisces Austrifus

6. Canis Minos - 13. Cygnus )

7. Aquila : i 14. Leo

For this reason, it is suggested that students get to know these, since observation throughout the year will mean sceing

at least one bncrht star in cach

F’raced ure: '

Using a starfinder ahead of time (avallable-from Leaming Technologies, 1-600-B37-8703), should make it easier 1o
locate the prsvsousl_y mentioned 14 constellations. By Lsing the Consteliation Eylinder which has lines that connect
eachstariia constellation, students shold be able to match a constellation name with its namesaks, For
example, by using the Constellation Cylinder rather thanthe Starfield Cylinder, students should be able to visualize
allon for Leo. f available, place the Greek Mytholegy Cylinder on 'l:he projectorto aliow the students to visuaiize the

myl;hologica! characters.
Aftér having located the ¥ constellations on the cylindet, use the Statfield Cy[mder to trytoﬁnd the 14 constelia—

tions (withott ths Aid of lines to heip identrfy thc ﬁgures)

Note
it is recommended that as many differant games as possiblé be constructed which emphasize repetitionin the location

and name of these 14 consteliations. Representative games are writlen i the activity connecied with concept.
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The Planet, Venus, Activity 13

R

Oblec’hve

The student should be able to dcmonsrrate an undcrsmndmg of Why Veniis
appears as the “morning star” sometimes and as the “evening star” at other times.

Background lnformufmn
Venus is an inferiof planet —— ane that is between the earth and the sun. Because
it is inferior, Venus will appear to move back and forth near the sun. Venus will
also show phases similar to thosé of the moon. When Veniis is on the far s1de of
the sun it will appear as “fudl Veniis,” When Venus is between the sun and the

" moon it i id the “new Verus” phase and is not visible fromi the earth, :
Venus is seen either as the morning star” or “evening star. * Because of its near- -

ness to the sun, Venns is seen only shortly before or shottly after sundown. When
Venus is seeti in the morning just beforc sunrise it is called the “morning star.” When Venus is seen in the evening just

after sunset it is called the “evening star.” Venus appears as the “evening star” when it is cast of the sun and the “morn-

ing star” when it is west of the sun.

Procadu re :
Sét.the Variable Light. Sourte ofi the east side of the planetamum atthe poirt whire the ecliptic theets the

horizon, Tell the studentsthat the light will act ds the sun. When you have the light off it will represent the sun just
below the horizon; when the light is on it-will be just above the kiorizon. Ask the students how far Venus will appear
from the sun, {They should have the concept that Verus is quite.close 1o the sur.) Explain that Venis I8 never mors
than 48°from the sun. To help the students undérstand the relationship between degrees and what they see, )
explain that the apparent diameter of thesun is abiout V, degree and that from horizon to horizon isabout: 180°, g

Project Venus using the Venus planet prqjector or show 2 slide of Venus justa little above the horizot in the east
with the “sun™ (Variable Light: Source) in the off position. Rerriind the students that the sun is just below the
horizon and therefore can’t be seen yet. Ask the stidents if the pmjscted planet is west of the sun (between the
cbserver and the sun) or east of the sun {on the far side of the suin). The stidents should determing that the
image of Verus is west.of the sun, I the students have dlfﬁculty with this ided, miove the projected image to the
east of the sufi position. The students sholild sze that the iiage Is on the floor {below the horizon) and coulan’t be

(3

seén.
With ths'pianet image just above the eastern horizon, begin td turn Lp the side famps or light source sirhulating
simriae; Ask why Venus can’t be seeri during the day. Also ask why VYerius can’tbe seen when its orbit czuses it to
appear ety close 1o The su.

Now rriove the Varizbie Light Source to the west side o1° the piane‘banum where the ecliptic inbersects the horizon.
Explain that when the light source 1 off it represents the sun just after sunset. When the light source is on it
represents the sun just before sunset. ' :

With the light source off, position the projected image of Venus just above the western horizon. Ask the students if
Venus is now east of the sun {between them and the sun) or west of the sun (on the other side of the sun). They
should determing that Yenus is now east of the sun or between them and the sun.

Now turn on the side lamps or variable light solrce and ask why Vanug can't be seen b_efore sunset. Also ask why

Venus can be sesn only a shoit time after sunset.
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Appendix
for Stars & Skies

Including:

Constellation Locator Script

" Directions for Construction of the Variable Light Source

Directions for the Construction of an Edliptic Slide Projector Mount
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Constellation Locator Script

Procedure - :
The STARLAB Frojector with the Starfield Cylinder should be set for viewing on about January 15,9 p.m Read the .

following script.as you poirt things ouibin The doime.

The easiest place to begin a study of c‘omtelld_zion .lpz:ﬂtz'bniamfidmh;ﬁmﬁan 7 with the North Star, also called Polaris.
Polaris is not e@ebz'ally bright, but it is grie ofti:e ezzsie;t-.rt@ in the sky to locate, - '
First, look for the Big Dipper (Ursa Majorﬁ in the northern sky. Find the ‘pointer stars” that make up the outer side of the

borwi: Then follow the imaginary lmqvmmg them unzil you come to the nearest ﬁo@%rate{y bright star — Polaris. Polarisis

“ the end star in the handle aftbe Little Dz_pper

New look again for the Big Dipper. This common star 2
i circumpolar comstellation that can be seen tbrbugﬁau_t the year in the northern skyi The Big Dipper makes up the tail of the
Big Bear and the rear portion of bis body. Extend fo tive fzzi?zzér stars west of the pointer stars to complete the ffont poﬂibn of
bis body and beyond that 1o one star for bis nose. An even fainter star makes up his beady Listle eye. Just off of the body stars
are the front and rear legs of the Big Bear, although local sky conditions may prevent you from seeing those stars. -

Now laak at the three stars making up the bandle of the B%-.D@per- or tasl of the Big Bear: The middle star of the handle is
called Mizar and the dimmer -cbmp.rz‘zzipn is called Alcor, This pair of stars was used by armies long ago s 4 test for eyesight.
" Ifyou could detect the companion to Mizdr, your eyes were good enough.
Lets riow find the pointer stars agasn at the far end of the bowl of the Big Dipper. Follow vhe imaginary line through thesé
stars, and you will locate the North Star again.. Pelaris is the end star in tbe'béndlg of the Little Dipper: The Lirtle Dipper 7s
the circumpolar consiellation called Ursa Mineor. Ursd Minoy, also called the Small Bear, can be seen t_/;raugfaﬂéutﬁ theé yégzr Fr3
the northern sky. The tail of the Small Bear is the handle Qf the Little Dipper; dnd the body of the bear is the cup of the Little
Dipper. Note that the Big and Little Dz;aﬁer'ope?'z sorm ) ¢ étt ) ; . ten

is caching it and so on. ' o :
Next, lets Ipcaté the constellation of Cassigpeia, sbapgd'.:ametﬁz'ng like a “w” with its five brightest stars. Start dgain from the
Big Dipper, but this timie ﬁa_m the stay that joins the bowl and the bandle. Again draw an imaginary _li'n‘e from this bowl-
bhandle star through Polaris and on bgrand Palamﬁr about 5 additional “pointer star” lengths, and you. will ﬁnd Cassiopeid, -
the Queen. Use your smagination 1o see ber sitting on ber throne, She can be ﬁvund high in the autumn evening skies. In
stimmer, Cassiopeia i located in the northedstern sky, and in the winter, she ts found in the narth_we.;tem sky.
Located close to Cassiopein, the Queen, is Cepheus; the King. The top side of the “w” of Cassiopeia points to Cepheus. The
stars of Cepheus are not véry bright, so look closely. Tivo shapes ave distinctive in Cepheus. The constellation is made up of a
triangie and a square piit rbggthgn The triangle represenits the top portion af the king including his shoulders and head. The
square symbolizes the body and legs of C‘..?bem. In winter evening skies, Cepheiss is right side zip in the northwest. Cepheus is
2hso said to look like a house located bevween Cassiopeia and the head of Draco, the Dragon. ' :
Draco, the Dragon wraps its long tail around Ursa Minor in the northern sky. The stars between the Big and Little Dippers
are the end of the dragow’s tail. The tail curves halfiway around the cup of the Listle Dipper. The maizn body of the dragon
begins and extends to the diamond-shaped head of the dragon. The legs are dim stars connected 1o the body of the dragon.
. None of the stars are very bright; so look closely. -

Leaving the northern sky and facing south, we find the most magnificent of the constellations. Orion, the Hunter, can be
found in the southern sky throughout the winter. Look for Betelgeuse and Rigel, the two brightest stays with the three fainter
stars ar the belt halfiway between the two. Betelgeuse is higher in the sky than Rigel. When you find the basic shape, look for
the detail of Orion in the fainter stars close by. Orion is standing in the sky facing us. Betelgeuse makes up his right shoulder.
Rigel is bis left foot. Look for his left shoulder and right foot to complete the main part of bis body. A faint dagger hangs from
bis belr. His left arm is extended, and he is holding a lion’s skin. Holding a club, his right arm extends up from Betelgeuse.
Once we have become Jfamiliar with Orion we can use the stars of this constellation to locate others. Locate the vhree stars

forming Orion’s belt.

grouping ﬁzﬁ; within the constellation Ursa Major, té_e Big Bear. It is
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Now follow the line suggested by these three stars to the southeastern sky. They lead to the very bright stay, Sivius, the most
apparently bright star of the night skies. Sivius is the bright star in the constellation Canis Major or Big Dog: Sirius is the
heart of the Bzg Dog. Onceé you : fond it, look ﬁrr the legs and head to compleze the picture; Canis Ma]or, one of Orions

bunting dogs, is ﬁrczng bis master to the west.

Let us return again now to the Big Dipper. [fwe use the pointer stars, but jbrm an imaginary le tbe other way, oppasite in
direction from the North Pole star, Polayss, we come to Leo, the Lion. Remember two shapes when loo/emg ﬁ:r the Lion. A -
backivard question mark o sickle make up the mane of the Lion. The dot 5f the 5dckwam7 question mark is the bright blue

- star, Regulus: Southeast of the backward question nirk are three stars which ) form i tridngle. These make up tkc back end cf :

the Lion. No stars represent Led’ face or legs, so be sure to use your imagination to add the rest. Leo appears to be mmdmg o7 -
bis tail. ezzrly i1 the evening w[am be first appedrs or rises; as the night passes tawam’ mammg, “be ramtes and appears % n‘aﬂd ,

o bis head, - ,
Pegafms the Winged Horse, is also seen this time of year high-in. the western slgu There are 7o, 5ng£n.‘ ﬁrst magmrude stars i
Pegisus; but:4. rectangle of stars is easy to spot: The rc’cmng[e is called “The Great Square of. Pegasus.” Many reﬁr to r:ée szt :

Square as the baseball diamond of the skies; First Erdse is the siar in the northeastern corner:
Second basé is the star in tbe mut/am.rtem corner: :
Third éme is the stir in tbe .raut/aw:stem cornet.

Pegasw is upside-down in the :ky The héad extends ot ﬁam the body to the southwest.
The front legs exctend to the northwest,

The bmutzﬁd maiden; Andromadd, shires the northeastern star of the Great Sguarf wztb Pegasus.

Located in Andromeda is the most distant object that can be seen with the undaided eye. It #s called the Great Andromed:z
Nebisla. This object is the closest neighboring spiral galaxy t0 the Milky Way Galaxy.

Ifyou have difficulty locating the Andromiedd Galasy, try using the baseball diamond, If you form an imaginary line from
third base to ﬁr.rt base, that's a start. Now extend that line for an equal distance in the same dzmrtzon Well, maybe bend the

bine 7. Justa lintlg back roward home plate. Not very much,
Wz want-to wish you good viewing and may the stirs put a rew twinkle in your eye.
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i Directions for the Construction of the
" Variable Light Source (or Sun Simulator)

¥

The Sun Simulator is designed to-simulate thé phenomenon of dawn _gnd dusk,.
thereby illustrating the idea that stars and other celestal bodies are constantly
present yet fiot visible due to the mote intense light of thesun. .~ . D
Ass:_:mble the base box. Drill a 1'/,” diameter hole 3” from one end of the box.
Hole will be slightly larger than the size of the switch knob, Drill & similar hole in
the base box 'ap.pmx_irfiatciy 3” in from the opposite énd of the base box, Mount
the dithmer switch oti the inderside of the box with dimimer kniob protruding
through the hole. Wire the cord to the switch wu'cs and connect these wites to the
' ing screws provided.

socket. Mount the socket on the top side of the base box ust
Secure bulb in socket and usc as ditected.

Note , s
If diitrimer swttch does not give adequate ¢

_ ontrol, insert, 4 100-ohm, 20-watt
resistorin series bg‘l:v&_sen_ the switch.and the socket. : ’

[g=7-
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Parts List for the Ecliptic Slide _Efo.ie;cior Mount

1) 4 side picces 3/ pine

2) raised floor— 11" p@wood

3) four rﬁé&exﬁeﬁ o

liE ',Mmtlﬂ”deqp .

2>

—_—

T [ —

Cut ends ar 45° angle.
: - B .
5) lid—1,” plywood. " ‘ . 4) one dawer pull

i

8) one 1/, dia.
leather circle

9) one dowvel
71, dia.

11) turntable mount KA P{JMMJ

|

7) oné spring ’

10) surntable 12" dia,
%" plywood

14) three stops, each 37 long
——1
| E——

%17 screen-door larzice ', thick

105
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Directions for the C-onétrucfibn
of an Ecliptic Slide Prcjector Mount

‘The Edipﬁ_c Slide Projection Mount allows the use of 2 standard projector to proj'ect_ images of _thg moon and planets
along the ét;liPtic._ ‘This capabiliry allows the student to exPEIicncé 'tf_le _phcnqmcpon_of modp phases, planetary mo-
tion, as well as changes in position above the horizon during'the various scasons of the year, ~

*  Cut four box side pieces (1) of 5/;1”‘ pine, 2Y/ S widex 117 long — each end cut at 45° angles.
¢ Make dado cuts the length of ca.d1 piece, Y,” wide and 1/;1"' decp as on parts list. .
»  Cut oxic raised floor (2} piece of 1/2” plywoo_d to 107 x 10” size. ‘
o Assemble the box base as shcwmmFxg 1 & ;Fig 2. Glue and nail all four corners, enclosing the raised floor in the
* dado cuts as you assemnble the sides. Note: The raised floor of the base box is closer to the top edge.

- |

Fig. 1

»  Artach the four rubber féet (3} to the bottom corners with screws. _
Attaéh thc_drgwcr pull {4} near the top edge 'qf one side, centered [} Fig 3
from side to side. See Fig. 3. Remember —— the raised floor of the ' '
base is closer to the top. , : _

+  Cut one rurptable mount (11) of ¥/ ?_” plywood, size 77 x 7.7 Center i
ihe lazy sisan bearing {6) on tarntable mount. Mark and srart serew
holes, then remove. Set mount aside. '

»  Cutonelid (5) of !/ ” plywood, size 117 x 11.7 Artach the lazy
susan bearing to the lid, %,” from one edge and centered side to
side, with four screws — Fig. 4.

«  Fix spring (7) to lid with one screw. Place 27 from back edge,
center froni side to side. Fig. 4. Cut one piece of 1.7 dowel (9}
to */” long for drag assembiy. Cut a circle of leather (8) and glue

- to one end of the dowel. using ¥/ . drill biF:, drill hole in the
other end of the dowel /,” deep. Hole in dowel fits over spring
on the lid, Fig. 4.
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time over this edge when artaching this side of the

-Fig 7 & 8.

Cura circle 1247 diameter out of 5/ » plywood for tumtable (10).

Dsll 7 diameter holes, //,” deep in top side of turntable as shown in Fig. 5, to fit the feet of the carouse] slide

projector that will be uscd on your turntable.

Cenrer the turntable mount (11) on underside of the tumtabic (10). Be sure your starter holes for SCrews are

exposed. Glue and tack together, Fig. 6

Attach the turnta.blc asscmbly to the top of the lazy susan
bcarmg 2§ shown, Fig, 7. The beanng was set close to oné
edge of the lid 1o enable you to insert screws one ata

Startey boles
' ﬁar SCrets.

bea.ring to _ﬁhc rufntablc 'as"s'cmbliy. '
Screw the T-hinge ('12) ‘to the undersidé of the lid,
5%, from the openmg edge, centered side ro side, See

Tnstall hinges (13). Inser the hinges flush. See Flg 8, lid
will be installed so that the rutnrable assembly is offset
over the fronc {or opening edge) of the box base The
drawer pull will be on the back of the box (hinged side).
Cut three pieces of lattice cach 3” long. Glue and tack the
3 piccics to the raised floor of the box base, inside the box
as shown in Fig. 9 and Fig. 9 inser, Place the stops at
appropnate measurements o arcive at the proper degree
sertings of 45°, 33°, and 20°. The approximate measure-
ments are shown in Fig. 9 inset, but you should check o
be sure these measurements give you the proper angle or
degree settings.

e OF
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Fig: 9 inset
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Install latch on fromt opening of box. Fig. ‘I 0.
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