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H ;.':.'3 Introductlon

The moon has been a toprc of mterest for many generations From plottmg
and observmg the moon to trlps and explorations of the moon, humans asa Zroup. ..o
~continue to want to learn more. Throughout this paper, we will dlve further into our, “_ Bt vt R
1nvestlgatlons of the moon by expandlng on observations, predlctions for rising and SRR
~ setting times, patterns in the observatlons, deve]opment ofan explanatory model g‘zw»» o :.' RN
reflections on learning about the sun and the moon, the nature of scientific - L R
explanat}ons and inquiry approaches to learnmg and teachmg After studylng the S -_ L
_:moon with these topics in mind, one can have a better understandmg of why 1t has G
been 50 fascmatmg to humans smce the begmnmg of tlme i Sl

e The new: moon zs a phase in. wh;ch we cannot see the moon h«rs=1sbe ause.
.- theseeshghhsshmﬁg“ o the- back»of the~moon—creat1ng a shadow on- the»per»tien
' __=_v1s1ble fo-uson "eartl'QThe angle the sun. -and the moon create is at zero d_&grees I
experlenced the new moon sometzme between the’ 24"11 and 281 of October. As thxs
/-iisatime when oneijs: unable to see the moon, it is sometlmes hard o’ plnpomt the
. exact date. This means we must search forother clues, like ¢ experlencmg a change m
s when the moon is v1srb1e Lo

_shape from wamng./gbbfgo we?(mg g}bbous .
b Durmg the waxing. crescent stage, the moon started to 1ncrease m'vasrblh Vi
: _The curvatures of the moon goin the same dlrectlon whlle bemg open to the r‘“fﬁ t
“This phase creates angles between 0and 90 degrees wrth the sun and occurred

:'_-between the 29‘1h of October and the 1St of November

Xex

E,a : The fxrst quarter rnoon 1s when exactly half of the moon can be seen It 1s stﬂl
i _mcreasmg in vrs1b1hty (}nly the. rlght side can be seen, makmg itlooklikea
_semicircle. Thls phase creates a 90 degree angle wrth the sun and occurred on the

an of November

Durlng the waxmg glbbous stage, the moon contmues to mcrease in V151b}hty L
The curvatures of the moon go in opposite dlrectlons, w1th the rlght side: bemg fully '
'-.V}s1b1e and the left side- contmumg to become more visible. This phase creates - _
- angles between 90 and 180 degrees vmth the sun and occurred between the 7th and
: 10thof0ctober : T U e :
The fuli moon 1s the tlme when the meon 1s at 1t fuilest It occurs et a time



means that a 180 degree angle is formed between the sun and the moon The fuil‘
-moon occurred onthe 11"»*1__:____ \ LR A e _

RS Durmg the wamng glbbous stage the moon starts to get smalker The R
'curvatures of the moon go in opposite dlrectlons with the left side bemg fully vrsﬂo}e '
~-and the, right side beglnmng to reduce in v131b1hty ThIS phase creates ang}es R n'“

'between 180 and 90 degrees w1th the sun and occurred between the 12'1h and 18“’ of i-“*’j“ ph’

.October S Doy

e The thll‘d quarter moen occurs when exactly half of the moon can be seen It
i is stlli reducmg in visibility. Only the left side can be seen, makmg itlook hke a

- semicircle. This phase creates a 90 degree angie wrth the sun and occurred on the

_-'_-'."-19‘1*1 of()ctober e o It B N

'-.f
BR

- E Durlng the wanmg crescent stage, the moon contmues to decrease 1n S
'- "_-v1szb:hty The curvatures: ‘of the moon goin ‘the same dxrectlon, while being open to
the ,yft This phase creates angles between 90 and 0. degrees thh the sun and ;

"-_-."-occ rrjeé between the 20th and 24'211 ofOctober S e b e

.f ".':'_55 Predlctlons of When and Where to Look for the Meon

Ve -At tzmes, both the moon and the sun are v151b1e durmg the same tnne We can 5_-'“ 2
} f = -'f;then pomt a hand atboth to determine. the angle the two create, This angle aliows us -
~. to predict the rising, setting and high in the sky times of the moon based on'the
. position ¢ of the sun and the current. phase of the moon. When cons;dermg thrs angie
. itisimportantto remember that the timeline, or: clock forthe sun-moon . (i
. relationship is divided into 24 hours. This clock: beglns with the sunrise at 6 AM wnth
- the sunset occumng at 6 PM. Therefore, when the angle formed by’ ycur armsis’
SR :'horlzontal (180°),you are pomtmg't 6 and 6 as epposed to the 33§nd 9,yeu would
T expect on awail ciock : : vs 4 TR

E 'ttlng, ‘and} hlgh in the sky&'t}mes for the moon_, we muet

f

S To predlct the rlslﬁg, -
S .ﬁrst know the angles thatithe sun aﬁﬂ/ he moon create at each dlfferent ph;_'_gei;;_w'-_'_ g
.. Between the new moon and the first quarter,ghe ioon and the sun create an acute
L :angle on the sun clock 50 We. know that when' the sun rises at 6,AM, the moon Wil
©rise, around 9 AM, Durmg the. ﬁrst quarter;;(fhe sun and the. moon, create a right angle 'Nﬁf anns
onthesun clock, so if the sun rises at 6 AMwe know that the moon rises at 12 PM. "3 ‘*’ 1 * g ’ff
" Between the first quarter and the full moon,fthe moon and thé suni create an obtuse 7 i

' ]angle on the sun clock SO, if the sunrises at 6 AM the moon will rise around 3 PM s

" During! the full moon, jthrestin and the moon create an angle of 180° ora stralght hne :
" “onthe’sun clock. Thrs means that if the sun rises at 6 AM, the moon will rise at 6 PM. - ao " .{W Y
.. Between the full moon ‘and the third quarter,the moon will again create an cbtuse ._i: & v m
i 3angie on the sun clock ‘but thls time it will be. open to the. bottom half of the san; o
- clock. If the sunrises at 6 AM the moon will onsequentiy rise around 9 PM. Durmg

f_'-the thil‘d quarter the moon and the sun will create another 90" angle but will agam RE

- beopento the lower half of the sun clock. The sun will rise at 6.AM and the moon -

- 'wﬂl r1se at 12 AM Lastiy, between the th:rd quarter and an entlrely new moon, the




&__

| ;_:'_. angle Qvﬂl agam be acute but epen to the bottom portlon of the sun clock When the L
Enikee -_E-_'.'sun rises at 6 AM, the moon wﬂi rise: around 3 AM The moon, hke the sun, rises and

:ts nwlz hours, and :s high in the sky at approx:mately the midpomt of these 12

| Thls chart can be used as a gulde when lookmg for the moon It helps predlct

. 'when the moon will be most v1s;b1e to you Although we. often thlnk thatthe moon -

; ”'.'”::"-t'should always be most visible at nlght itisnot alwa.ys the case. The contrast of the AR
night sky. helps when searching for the moon, ‘but the best way to: determme _ SRR
:VlSlbﬂlty is to know when each particular phase w111 be at its h}ghest i
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B Rev:msnlg
REES The moon has been a i‘DpIC oflnterest for many generations From p!ottmg
S :and observmg the moon to trips and. exploratlens of the moon, humans as a group -

" continue to want to learn more. Throughout this paper, we will dive further into. our.

| Formatted: Left -

i Homee"??k_’r’. Sl

S .'-mvestlgatlons of the moon by expandmg on observations, predxctlons for rising and JREESERE
* . setting times, patterns in the observations, development ofan explanatory model '
R and reﬂections on iearmng about the sun and the moon, the nature of scxentlﬁc
o 'exp]anatlons, andij inquiry approaches to leammg and teaehmg. After studymg the

. moon with these topics in mind, one can ‘have abetter understandmg ofwhy it has ' S R

"I‘he new moon 1s a phase lIl whlch we cannot see the moon. The angle the

i ._between the 24m and 28th of October, As this | IS a time when one, is unabie to see the S

e moon,itis sometimes hard to pmpomt the exact date. This means we must search

* for other clues, like experlencmg a change in shape from wanlng crescent to wamng SR

"'"crescent when the. moon is vns;ble. LT
Durmg the waxing crescent stage, the moon started to mcrease m v1s:blhty

' ':-".The curvatures of the moon go in the same dlrectlon, while bemg open ! to the left. If .

'we point one hand at the sun and the other at the maon, this phase creates an acute R

"_;;ang]e between 0 and 90 degrees with the sun and occurred between the 29Eh of
2 October and the 15‘ of November.'-' s : SN - : L

The f;rst quarter moon is when exactly half of the moon can be seen It 1s stxil R

mcreasmg in v1s;b:llty Only the right side can be seen, makmg it 1ook hke ann
I semicwc]e If we pointone hand to the sun and the other at the moon, ‘this phase
‘createsa nght or 90 degree zngle w1th the sun and occurred on the 2“‘E of :

November‘ ST . DRI L o

Dunng the waxmg gtbbous stage the moon contmues to mcrease in V13ib1hty :

: '. The curvatures of the moon go in oppos;1te dlrectlons, with the right side bemg fuliy
vmb!e and the left szde contmumg to becorne more Vlsible. lf we pomt one hand at




'_:.':_""f-_the moon and the other at the sun, th:s phase creates an obtuse angie between 90
L and 180 degrees thh the sun and occurred between the '7“‘ and 10"1 ef October

| 5 The fuli moon'ls the hme when the moon is at 115 fu}lest, it occurs at a nme

G when 1t has the most dlrect sunlight, and therefore appears as a full cirdle, If we
=2 point one hand to the moon and the other at the sun,a stralghtlme or 180- degree

soninocianglelds formed between the sun and the moon The fuli moon occurred on the 11“‘
S ofOctober.-- ' S . A R

Deleted:

S i Dumng the wamng gibbous stage, the moon. starts to get smaller The :
DER '._curvatures of the moon go in opposite’ dlrecl:xons, w1th the left side being fully v131‘n1e B
. and the rightside hegmnmg toreduce in ViSlbIllty If we point one hand at the moon
S oand the other at the sun, this phase creates obtuse angles, or. angles between 180
et and 90 degrees wrth the sun and occurred between the 12til and 18“l of ()ctober

: The th:rd quarter moon occurs when exactly half of the moon can be seen 1t _ .

s st:ll reducmg in: msﬂalhty Only the left side can be seen,’ makmg it look likea _: : _' B R LRI

T semlclrcle If we pomt one hand atthe sun and the other at the moon, this: phase I
R __'gcreates a rlghtor 90~degree angle w;th the sun and occurred on the 19‘1‘ ef ()ctober Sl

S -':-During the Wanmgcrescent stage,the moon contmues to: decrease m B TN
S :vn'nblhty The curvatures of the moon go in ‘the same dlrectlon, while being epen to iR
o0 theright. If we pointone hand at the moon and the other at the sun, this phase : '

.. creates angies acute angles, or angles between 90. and 0 degrees w'lth the sun and

o j_eccurred between the 20th and 24"1 of ()ctober i : -

'-':'Predlctlons of When and Where to Look for the. Moon. G S
ATERRES Attxmes,both the moon and the sun are visible dunng the same tl,me We can, R R
ok -'--then pomt a hand at both to determme the angle the two create. Thls angle. aﬂows us .

S ‘1o predrctthe rising, settmg and hlgh in the sky times of the moon based on the

- '-pOS:tlon of the sun and the’ current phase of the moon. When. consxderlng thls ang}e, AR

SRS 1mportantto remember that the trmehne, or clock, for the : sun-moon e

R -reianonshxp is divided into 24 hours, This clock begins with the sunrise at, 6AM W1th 3
- the sunset occurrmg at 6 PM. Therefore, when the angle. formed by your arms is - -
RO horizontal (1807, you are polntmgto 6 and 6 as opposed to the 3 and 9 yeu would
.expectonawaliclock L SEESEENE T T




:other at the moon for each dlfferent phase

Durmg the flrst quarter, our arms pomtmg at the sun and the moon create a L

= 'rlght angle on the sun clock s0 1f the sun rises at6AM we know that the moon rises - R
'atlZPM"- - - - ' : S

Between the ﬁrst quarter and the full moon the moon and the sun create an.

' obtuse angle on the sun clock, S0 1f the sun rzses at 6 AM the M&Bg.gmmoon SRS

- wuli rxse around 3 PM

Dunng the fu]l moon 'our arms pomtmg at the sun and the moon create an

EORAI = angle of 180°, or a straight line on the sun clock Thxs means thattf the sun nses at 6 =
: -.:__AM thefullmoonwﬂlnseatﬁPM e A AT R

'- -BetWeen the fu]I rnoon and the thlr‘d quarter our arms ponntmg at the sun .

: '-and the moon will again create an obtuse angle on the sun clock, but this time it wil] i
SRS ‘be open tothe bottom half of the sun clock. If the : sun. nses at6 AM the wgnmg
BIRERN gﬂybmoon wﬂl consequently rise around9 PM T

: Durmg the thn"d quarter, our. arms pomtmg at the moon and the sun wﬂi

e ":'._crearb another 90" angle,but will agaln be open to the lower half of the sun ciock
' ': The sun wﬂl rise at 6 AM and the M_QBMOM wﬂl rise at 12 AM

i '-'-.1-_'-Last1y, betWeen the thlrd quarter and an enurely new moon, the angle R

" formed by, pomtmg at the moon and the sun wﬂi again be acute, but opento the

:_bottom portion of the’ sun ciock When the sun rlses atﬁ AM thewmnwm
moon wﬂl rise around 3 AM e - .

o & when the moon will be most visible to you, Although we often think that the moon
s shou]d aiways be most v1sxb1e at nlght, 1t is not always the case, ‘I‘he con‘crast of the

. 'I‘he moon, Ilke the sun, rlses and sets 1n about 12 hours, and 1s hlgh m the sky
: _at approximately the midpomt of these 12 hours. This is why when you know the - '_ _

angles formed on a sun c]ock you can pred;ct the rlsmg, settlng, and hlgh in the sky
'nmes ofeveryphase RSN : o

Thls chart: can be used asa gunde when Iookmg fur the moon It he}ps predwt

SRTIERR AT To predzct the nsmg, semng, and }ugh m the sky nmes for the moon, we must' cod
L first know the angles that the we create by pomtmg one arm at the sun and the

i Betvveen the new moon, and the ﬁrst quarter, our arms pomting atthe moon s R
s :and the sun create an acute angIe on the sun clock, 50 we know that when the sun
- | rises at 6 AM the wg,zgmg &l eg;gn moon w;ll nse around 9 AM ' ¥




S nzght sky helps when searchmg for the moon but the best Way o determme
" yisibility is to know when each part:cular shase will be atits highest.
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N 2 I)eve%apmem of an Expﬁanatory Mmlei Torihe Phases of the Mﬂm L o
_“There are many questions we have about the moon, as well as many. ways to A o
answcr these questlons Some, questmns can be answered by observing the moon and 1‘{3 e R

pqttcms while keeping in mind the relevant pewerhﬂ ideas about light and shadows.

Other questions need to be amwared with explana‘wry models orinferences. Throuoh A

% ‘combination of these methods, one should be ableto. gam a better uﬂdcrstandmg of the
moon qnd its interactions with Barth and the sun.: :

. Questmns about the mooi, There is an jnfinite amount of qucsilons that ono f L

o could ask concerning the moon. Some of the most prevalent questions are: “What is the "/ o
: : : rclatmnshlp betvsfeen the. appamnt shape of the moon and the angle formed by poxntmg,
" one anm at the moon and one arm at the sun?” “How does the moon appear to move -

“during a 24—hgur period?” “On which side of the moon ‘will the sun be for each phase‘? o
. Who appmw to be chasing whom across the sky 9 and “How does the moon appearto .
MOVE oVer several 24-hour penods‘? If we consider these questions mdwﬂually We pan -

see how they can each be answered by observing the moon over several 24-hour psnocis DRI

- When considering the relationship | between. the apparent, shapo of the moon and .

‘the an_‘le: formed by pointing on¢ arm at the moon and the other arm at the sun, we must _' FEREN

first be preecmed w1th a day that both the sun and the ; moon are visible at the same time.

+While ob-?.ervmg, we take one arm and pomt it at the sun while the other arm is pointed af =" B
‘i the moon, and then measure the angle formed by our arms. Aiso record the shape of the
L ﬂlummated porimn of thc 1noon. If ﬁns 15 d()nc muluple ‘umes a perqon wﬁl observe 111a1.

Ce3PM |




S one must o’bserve the moon sevcrai umes dunnﬂ a 24—hour penod in whmh the su and

S you will obserye thai from the new moon through the waxing crescent, first quarter and

: the left of the sin. From the full moon through the waning gibbous, third quaﬂer and -
e right of the sun.;
s 'ﬁoﬂoe that it wiil not be in the same. location each mght ‘An easy way of detennmmrr the

-7 Jogation of the moon is using other things such as stars or trees as a comparison..

SR supportcd by the angles created between ‘the sum and the ‘moon during eaah pham SR

R -answcrcd usmg an explanaaorv modcl of 1}1@ E‘u“ih moon, a,ncl sun relaimnshlp

L ;_j'all ducctlons anding stmght Eme Light also reﬂects off of objects in straight Jines and .

L zmvels from the sun'in ‘straight Jines and all directions, reflects off of the moon in strmght i

o :whv we experience day and mght as well as why the sun rises each day,, This model is -

o hour ‘period. This would also explain the shadow cast by the earth itself on the pomcm of

i as the 111u1nmdu,d p{)rtlon of the moon Urows the bormspondmg ant‘le meatt,c‘; by

- -'-Qomtmg at the sun and the moon will aisc grow.’ 2
' ~if you were to o‘ntzcrve the mmoon multiple | times durmg 3 24 hour permd, vou
"-Wﬁum notice ﬁml it does not remain in the same locanon Much like the sun, the moon -

‘appears 1o rise,in the east and set in the west. Based on the phase of the moos, 1’fs locauon it

can be found using the angular. rehuonsmp with the sun duzing that phase : _
' - To determiine Whether the sun is chasing the moon or the moon is clmsmg the sun i

i the moon are visible, We must do this over several 24-hour penods to answer this

" question relative to the phases of the moon. If you watch the moon over a full funar c:ycie L e

- waxsing gibbous, Phaﬁes the moon appears to be chasing the sun, as the moon is located to S

* 'waning ¢rescent phaqes the sun appea:rs fo be c.hasmg tbu oD, 4 the moon is Eecatcd io i

“Hyou observe ihe mo:m over t;everai 24-hour peﬂods dl ihc same ﬁme yc}u wﬂl
" Observing from the same location is key for using these comparisons, From mg'ht o '_ o f -

- night, the. ooz appears to be. mevmg from west 0 east, ‘This. obsenatmn dsagain. i
‘Some quasimns cannot be answareci snnpi} by observmg the moon. Questmns

5 '.such as “Why.does the moon appear to move in these ways?” and “Why does the moon. -
"seem Lo have, &1ffcrent shapes at different times?” are questmm that must mstead bc SRR

Usmg powerﬁ;i !étm ahuut Exg’ht ami shadGWs From a source, lzght imm <,1<; in

i all directions, In order to see somethmg, i1ght must reach your eves. In this case, }whi

“lines. and alt dzrecuons and then cventually reaches your e} es.: Thm e\:piams why we are
“able t@ see the moon from Barth. - 7
Expiammg day and mﬁht,,,’l’ here ate 1wo L}splanatow models for day and mﬂht !

U The fzrst explanatory model is the idea that the sun moves around the earth in a 24-hour " ©

| period. This would oxplam why it is 11311? during part of that day, and dark durmg the iR o
" other part of the day, because dunng the dark part of the day, the carth would ¢reate .
~shadow en its side Oppomte the sun. f the sun revolved around the eatth, it would e;xplam B

repr e\uﬂedpbv thc SIS0 ¢ cleck u:sed

rc-mouﬂ to redmt Where and mheﬁ 1.0 look_for the
‘moon. - ' :

Thc other e\planaiary model would bc ﬂ:\a‘c the earth rotatcs on 1ts ax:s m.a 24— -.

~fhe eaxth experiencing night, ‘along with why the sun tises each day. If the earth does in -
fact rotate on its axis, it Would dlso explain why the moon rises and sets each day :f_‘;_,,_ :

| Modeling the Sun/Earth/Meon system: To answer some important ¢ “why” questions
s about the moon, it ig eamwl to create a mode! of the sun/Earﬂlfmoon system ’.Hns canbe _-'.”‘“

1 Deleted: Ofentimes, onty a portion of the
{1 mooin’s surface is bcmg it by sanlight
{ H creating a shadnw over the unlit portion, 'I'Eus

iz vﬁm oavses thc _&Hu..mnt phdsus of the-

Formatted: Levei 1, Indent:

os

: model fer the phascs of ihe moorﬂ A

Deleted:

3 Discuss wo e}.planatow models for day and .
“} night and the evidence that suppor&s each of i '_ RS
" :1 these sxplanations. (What appears to be ihc; e

.} case ifyon observe the siﬁﬂ Whatis an -

1 alernative explanation?). o What Svays are -

Lot useful in developing an explanamw ;‘




B _donc outsxda umng ihe sun ) or mblde: usmg a lamp, alcmg thh a ’oali or your ﬁst The sun
“end the iamp represem the sun, the ball or fist represents t the moon,’ ‘and your eyes
o 'rcpresent your eyes here on'Barth. If you allow the ball or fist 1o revolve’ around you the
- it portions shange shape in the same way .that the moon’s 1it shapes changc By creatmg
this model, we,can infer that the moon revolves around ﬂ1e 'ﬂaﬂ;h, causmg thc moon s e
chansvugg_shapes as we see the moon from here on Barth,. - ;
Ini‘ermxg %he &rranﬂemmt ef the Sunmartthe»an Svstcm

- '..:'::-I)mw three posmblc an“anﬁements 01' the ‘Sun/Earﬂlch}on svstem

4, Witing

: Sketch. two perspectives for each p_hase_;:” P T




What do vou see here on em‘th‘? For eac:h phase draw a t:iick ﬁgw:e showmg one arm
pomtmg tc the Sun and one arm pomtmc to the Moon C RS

SN What would yau sie 11 vou were to ioo}( dOWII upon ﬂlb Su:ﬁt Fafih zmd Moon i:om Wav
above the solar system? For each phase draw the arrangement we have inferred for the .
. 'Sun, Earth, and Moon with their relative sizes and distances from one znother. ; Replesem
©the shape of the moon & it would ﬂppear to someone lookmg down on the Sun;Edrﬁx/
o ; ‘v};oon bV‘Sle fmm abcve ' SR S

i by oi)qervmg thc moon over 2 24-}10m periad. -
i Because ]

Deleted: w
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