Vigyan Pratibha Learning Unit Moon and its shape

Moon and its shapes
g ST ITAT B AT
Introduction

M

Changes in the shape and size of the Moon, over the period of a month, has always been an
intriguing topic for children. Even many adults have difficulty in understanding the origin of these
phases. One of the common alternate mental models which many learners sometimes struggle
with is that the phases of the Mo on occur due to changing shadow of Earth on the Moon. Many
of the difficulties in understanding the phases can be addressed by bringing students’ attention
to:

AR BTSN Gl MHRIG MU MMBERAMN / FUd BRI [SHUIRT 9865
B S 41! / ARG fqeneaiard! Gedie Ueb pdear / Scgadal / #HRss f[aug
AT, ST D HISHGEIS Tl JaRTdl /HSFHARNS BRI / H&b FHIS] reguf]
AT, TSTaR JSUMIT YTl WIae! deedis da1dl ol 98adId, & M Udh A
TR AR Ay g o faenedl I FHS[A ST ST/ Te@ s, Tl Hodl
FHES U 51 e vfl AT, 1 Yeies Jedics faemeat age g bedl ST AB :

(i) a ful month data about the shape and orientation of the Moon in the sky,
() JATRTRTCTS ST TR AT AT fe=nfaer digead! afg=amridle faar (anfed)

(i) the Moon’s rising and setting times on different dates, and
(it) I ARG/ fSa2h BIVIRT TS Iey AT TSGR Ii<dT daT, 3o

(iii) the observations of sun and moon simultaneously in the sky on certain days (during day

time).

(i) BTe! ST / faRe faasht g2 snfor =g il udhrades] doyes! Fleror (faawRia)

We eventually learn that it is not the Moon or the shadow of Earth on it that changes. This is an
effect seen from Earth which happens due to the changes in the relative positions of the Sun,
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Earth and the Moon, as the Moon rotates around Earth with sunlight illuminating a different region
of the Moon everyday.

T JALAT HCTHIGT AU & RIBUR BT DI, e (Tl DR fhar gl =grear qsumrl
ATe! AT 986 i ATeld. 8 IR / MfahR gediaws sMuedral fawdl ar g, gedt
3T < Jiegr |ier e/ RUAHE/ SIRHe ST deaife g9 Idl, R g8
QAHIG Rl ST <TegT FATBTRAT D GRS AT IR ﬂmwﬁlﬁgﬁﬁeﬂ?ﬁ?ﬁ.

In this Learning Unit, students will try to draw conclusions on their own by analysing real data

about the moon and also learn about different terminologies related to the phases of the Moon.
The unit consists of two tasks. In task 1, students will do a role play activity to depict (and thus
visualise) the motion of the Moon around Earth, and in task 2, each student will fill up a table,
and answer questions, based on the information given in the data table.

g1 reud geamed, Al dgifawlt soear fagm / wifedia fassyor v wa: frepy
HISUITIT FIT BRI MMV TSI HATHE] I Teod] IR e Brdcdies. a1 gchid 2
Pl FHATIR 37TE; Pl 9 FeY, dg gediiacd H TRYAV AT (TSTA GeAHE Il) §
SRIGUITETST (M1 33N YR Heusl HRUIMIS!) fenedt qfer gaavlt sl (Role
playing), 3T Fcll 2 AL Tas feneil qacameiss Aifee! qul ARl ST T AR
fagTaR / Arfedtar menRa AT SR 3Merhies.

If possible, students may also observe the Moon in the sky for a month and collect their own data
and analyse it.

3T ST, faenelt emamRIcs dgra Teh afen FRlevedis o srdbdrd T @ fagr /
A MBT H&- [A5FTU H& Thdrd.

Minimum time: 3 sessions of 40 minutes each

e d: wo MifSei=ar 3 alRiat

Type of Learning Unit: Classroom and (if possible) field work
Y TCHIAT THIR: I ST (IR SITCART) Ted&T &1 HIAtaR MR
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Unit-specific objectives
Heo-falE SEie
¢ To study the phases of the Moon as seen from Earth
o YT fORIUTRIT SSTeT Besie SRR ROl
e To visualise the motion and the orbit of the Moon around Earth

o GG d5Ta TRYHTT 3T el it BT BRI (I 3 Sl AR IH HRIT)

Links to curriculum
ARTAHARN ga:

NCERT Class 8 Science textbook: Chapter 16: Light (Concept of light path and shadows)

NCERT Class 8 Science textbook: Chapter 17: Stars and the Solar system

Introduction

Mo

We have observed that the Moon changes shape gradually every day, from full Moon to new
moon and back to full Moon again over a period of about one month. The changing shapes of the
Moon are referred to as the “phases of the Moon™. In this unit, we will understand some ideas
related to the phases of the Moon, by doing some tasks and exploring answers to some related
questions. After we finish writing the answers, we will discuss all the answers together and try to
arrive at a well-reasoned answers.

U] AT HIAELd TSl BRI GIRIS], UMY MERIudd 3o geal
ISR §g8e3 Iac3 BId S, © SATI0T YISl TSl Al GEciored] SR HETT Bl
U, 1 3EIIT TChId, AT hEae] I BTel Dl had 0T AT Bral Tl

IR YT DTS HheUAT FHGA HUR JATEI. Tl I [SgT SR, 90T AT F
IR Uh Y] Tt v ST I -ThaTd STRTIAd Ge vl T 6.

Materials: Paper, pencil, eraser, etc.

Aife: drre, iR, Wiever sl
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Task 1: Role playing activity

el 1: e araaoh) et

“Orbits” are the paths taken by Earth and the Moon as they move around the Sun and Earth
respectively. Note that the figure is not to scale. (The sun is shown much smaller than its
proportionate scaled-down size. It is also shown much closer to Earth than its proportionate
scaled-down distance. )

el ST e aTegep < ST gedt aieaTwiae v AT fbRaTe < | wEvrerd @) wer
B, / (et 3T d argehs A SMOT gedt I=arHrac Sa1 AN fhdrd &1 ANl ‘el
FBUAN). Yeles faosoll sl gHmond rel, Irdt Al &1, (YA grear JEive / arsdfde
JTHRIET YU SB[ SRIAST 5. T G A0 Yol Aiegdics FH1OR/araifde siarea
IS G YA=T 318h S9d SRITIH] 312

The orbit of Earth makes a plane in which both Earth and the Sun lie. Similarly the orbit of the

Moon makes a plane in which both Earth and the Moon lie. These two planes are actually
different planes. The plane of orbit of the Moon is tilted with reference to the plane of Earth’s orbit
around the Sun, at an approximate angle of 50.

QAT Beres U Udies BId ST YA Yt 3107 G Sle! R SR, TS0 <sTed]
BEHE! U YA Il ST Jeal AT0T d5 Glal R 3T, Bl Gl Ueiel TIETd diTdial
TR 5Tl BeTrd Udes & GaATHIad fhRum=T gedied] hared] Yaa =l gos-Id [ ied Jiars 5°

BT HAS / FHores 38,

Let us play a game which helps us understand the different positions of the Moon between the
Sun and Earth, during its different phases.

JSTT (BT a3 / Tl DHeseal) (SR / SRR G A0 gedt Jragwiies dsr

LI FHGA HUATATS! MYV Ueh W e AT,

Instructions

SR

* Three students will play the roles of the Sun, Earth, and the Moon. Other students, who are not
playing any roles, will observe the activity from a distance.

< faremeft o, gedt anfor =i iean YT Arerdle. gav faenedl, S el qfHed Tl
d gRA%E B il UTEeiles. (ATSATRAT IRTIRAT / qTofesl SH RTg)
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* Head of the student playing Earth's role represents the planet Earth, and his/her nose is an
imaginary person on Earth’s surface.

g1 e e faemedl™ Sit & YA Mies/Ug FHSid 3T QM 1§ gt

GEHTTERIS) Ueh hIedi~dh el Firal. (/ gearean i 3ifesedT faemeaiean Sidh &
G 3101 AT ATeh TS UTo] YRI5 Yeb hicdi+ich ekl ).

* The student playing the Moon's role will draw a circle around Earth, to represent the Moon’s
orbit around Earth (This is not absolutely essential, but it will help).

<gTal YT qongurRT faerneil gedivred) sTel Her SrEfauaTTS! U 9 Bled (B ATd3TD
18T (AT RS AR, (W d SUANT oV / AT Aad B8lgd ).

* The student playing the Sun will stand at some distance away from the Earth and the Moon.

This student’s head should be at a slightly higher position than the heads of the other two
students. (He/She could be taller or stand on a small stool or chair. )

AT Y 3Aerst faenedi gedl anifor =g JiearaRyT Bret SiarTear S RMeles. a1 faernear
SI% 3R 3 femeailen oSH 9 WIMER 3o Tifeol. (Jgarear yirddie i/ faemdi 3=

31 3BT fhal BB CISTAR fohdl YeiTar SH g AN ).

* Here is some information. If you are looking from the side of Earth’s north pole down at the
plane of Earth’s orbit, you will see that the Moon moves around Earth in an anticlockwise
direction, Earth moves around the sun in an anti-clockwise direction, and the Earth rotates
around itself also in an anti-clockwise direction. Keep this information in mind as you play the
game.

Ucles Al faaRTd &1 / AY Bret Al fSesed! JTe. SR el / 3907 Jedieal SR garhg
G (2 / 5T GAT=T Befrd U Uiiges o) I fade &1 o gedlHiad] aedreredl
Il I (Uiafed/aeaearciasg) G fhedl, gedi Javiadl a<sarerl
I Ioe fG3 (frafedd) fhrd 3T gedl T HIaddiaEles SedTored] dIediedl I3
fe=i (uferafeaa) e, g 81 Afec W Wesd T Serd .

* Fix the position of the person playing the Sun’s role to indicate the direction of sunlight.

GAYDTRT 31 SRITTUITATST AT Y ¥HehT FSquIT=an faeneai Wi (ST iz o

* The person playing Earth’s role need not go around the Sun and can remain stationary at one

position, as we want to focus on the phases of the Moon. This person can rotate on his/her
position itself as per the need to observe the Moon’s phase.
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AT AT ST fqeneaies Gaiiad fhruare! IR 18t ATM07 Y/l Yl feahoh fRR
RTg Fhel, DRUT TS TGTAT AR @& biad HRIFY AR, TSI D3l YTEUATATS
TROITHR <i1/aT ferenedl wd: Wit / Facd =g [ATER e 2T,

* Now make the Moon go around in its orbit with its face towards the Earth. To begin with, let the

Moon be between Earth and the Sun.

« AT ST DS /=1 &3 ST J19]/<8RT Had ATl HaErd BRI A, godrd
HRATT Tl AT gedT 31fo1 & Ii<an SR 3] ol

Guess which part of the Moon's head will be illuminated, and which part will be dark due to the
absence of sunlight ?

Je! T SIS BRI DI dgral DIVCT 4R TbIRId FAS AT FATBRITT U0
IV W TSE (PIVICT W BTG 35 Blges ? foha

* Now let the Moon take a position such that Earth is between the Moon and the Sun, and all the
three are aligned.

« ST FSTd WA 3 BT BT gl Bl =g 07 I AT SRR 31 e 307 el TebT 30
3cfTes.

Discuss which part of the Moon is illuminated, and which is not.

* Now let the Moon take various positions in its path. Let the students guess which part of the

Moon is illuminated and which is not.

ST TsiTes] AT AR A Teod] ST ig €T, ST DIl U FebTfRId BISes JAMIOT HIoT
ATET, I igTt faeneai«r & .

When the face of the student playing the Moon is always towards Earth, students have to do
mental visualisation for which part of the head is illuminated. The side of “the Moon’s” head
iluminated by the Sun would keep changing and the observer would have to imagine different
part of the Moon’s head being illuminated by the Sun. Here, the students may take some time to
absorb the information being conveyed through role play.

ST AT RO faermedi=n J8vT Sl 9ad Jdids e, J@T ATl STl BIvKd]
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(ARTBT=AT) BT BT STeTeod] Wl Bl BRIl SFIe. A, faenegi=r g
T3GUN PIHYT AT o] AT AHSTUATATS! ATST b AT bl

If the students have difficulty visualising which part of “the illuminated part of moon’s surface” is
visible to the persons on earth, they can try an alternate model. The person playing the Moon’s
part while moving to different positions can keep facing the Sun. This may help students
consistently visualise this person’s face to be the illuminated part of the Moon. Thus, by
observing what part of the illuminated Moon’s face is being seen by the observer on Earth, one
can visualise the phase of the Moon. In reality, this alternate model involves another
approximation as it is not the same part of the Moon that faces the Sun all the time. The Moon
rotates around itself while it is revolving around the Earth. Rotation period of the Moon is nearly
same as its revolution period. Therefore, only one side of the Moon is seen from Earth. For
detailed discussion on this role play, please refer to the booklet on “Basis of astronomy through
role play” by Venkateshwaran and Gupta (see Suggested Resources for full reference).

SR fqemeafr “dgrear gt AT ST YRT YediaNles okl UhRHE GHe, arel
BT HIUGT (SR [qeneaiqn) eavl Id e a) o Uil Ufeurar aroR & 2Adbdld.
<gTal YHPT AHRORT faenedi / el SraiTed] RIT/SIRT S| SIS 98] aldhs
AP, AT, faenegi= a1 femeatar/@aiar 981 daran Fad YHIRE 8% ABURT HH
T Pl HRUYR Had Blscd. M3 THR, Jedigwad RIS darl Sl 91T Tl
fordl, drer 9N 5Tl BT B GO U565, AR 37T 3178 &I, A1 9Ii) wferaurd /
ISTERUN ARG U IGHARNT / TEId e HRO dSTal drd / AR / Ydhd A1 Agqid
IR Tl dg gedHIad! fhrd SRIMT Al WG qwies fhRd 3iydl. dgran
I fhRvarar (YRIST) SIesTadl 81 Aran gediHredl fhrvgrear (YRYH) HresTas
TgeTd ], WD el Yhd dro] gediavad fadd. YT geauiiadle afdwr F=wrdl,
R ITOT W JI=T “Basis of astronomy through role play” AT YR&THdT HUAT HEH &1
CUEERIRICIE CER ISR IR

Full Moon and new Moon

GIfoTHT 3NfOT TR

At which position in the orbit of the Moon will a person on Earth (who is at the position of
the nose of the student playing Earth’s role) see full Moon (or new Moon)?
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TSTT Berd ds DIl (3Bl A gedlailss el (el YHdhd 3RTesed]
femeatear Arer T Uiftrn (fdhar spmarRin) fadies ?

Where should the Moon be, so that it is full Moon (or new I\/Ioon) for an imaginary person at a
point on the back of the head of the student playing Earth’s role? (The orientation of the Moon is
important to note here).

AT YAheles femegi=ar Siaimed] ANiles dTSle] QATeN ekl T8 32N el bol, TR
oSt WifSr (fdan srrarRIn) fSAuaTe! =% IS T ga1? (I dAgral 33 Serrd
HU] HETaTd 378).

It should be clearly noted that irrespective of where the nose is facing, if it is full Moon, it is full

Moon ! That is, the Moon has to be oriented with respect to the Sun in a particular way.

T WY BRI Bl AT DI SAST 31 ATHT I8<d o <l SR GIIHT 3RYes, IR ot Giforr omg !
TS Tig UebT [T TehR AT fe2ld 31901, 3iTaades 3MTe (SR &al).

As Earth rotates, each and every part of Earth will experience full Moon (or new Moon).

STl gl fh_d, I gedi=al Ui |RTesT IV (fharm SrHTaT) Sedrdl Mgl Blges

(AT 39T USSH).

Someone who knows a little bit more will say that when the Moon is between Earth and the Sun,
it is eclipse time. You can point out that the students have been placed at different heights to
avoid such a situation. Then you can say that though the Moon is in the same direction as the
Sun with respect to Earth, it is not exactly in a straight line. Also, you can use this as point of
reference later whenever you explain the phenomena of eclipses in the classroom.

ST ANSIHR A1t 3 oy femeft w=v] srward @t dg St gedt onfdr g gtear v
31, AT BT TN S Fal. 3N TRIRIC STEUaTTdt STl 3R i 3l &I faeneat
o] SaR qafdes M8, R AU H bl Bl Y= dad dg 81 SIRI GIIHT0!
AR/ YT f&2Ae] 318, T STET ARes XN ATR . TR, AR Segl 307 gIie Toriarae
WETHR BT Jea] HEHIATS! BT el aT<a 2Dl

Half Moon
g

Guess at which position there would be a half Moon, and discuss it in your group.

3Felis; PIVTCAT AT 3RYS T QTS DR ATV T T T e Dl
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The angle between the Sun-Earth-Moon is 90 degrees, at two positions of the Moon in its orbit
around Earth; at these two positions it will be half Moon. Notice that this time, for everyone on
the surface of Earth, it is half Moon.

<5 gl fhRd ST T Haid Q9 IAI/S/fShrol gd — gl - g giedn
ST DI 90° BIAl; % I1 N WIMIAR gy . Beld &1 &, Adal gl
IEHITIERIS Td FRIGHTST fedes 3Idl / 3.

Discuss that during the motion of the Moon in its orbit, the bright portion of the Moon (as seen
from Earth) increases for some time, and then decreases for some time. When the bright portion
of the Moon (as seen from Earth) is increasing it is called as the waxing of the Moon, and when it
is decreasing it is called as the waning of the Moon. Now, guess in which half of the Moon’s orbit
it would be waxing and in which half it would be waning. Explain this by role play. Notice that
when the Moon is going from full Moon to new Moon it is waning, and when it is going from new
Moon to full Moon, it is waxing (krishna paksha and shukla paksha, respeotively).

AT T BRI DI <5 AT Hed TRYAU BRI AT, JedTa=as a1 dgral Tb1i3rd
AT HIE! BIGIATST areal 3T FaX Ble! BIBMNTST HHI BIdl, TR Fd] BRI, (Yediawe dTfes
3TAAT) ST TGN UHTRIA HIT dTed SIdl, TSl daral g&i (waxing of the Moon) FE0TdTd
3MPOT STegT TSTaT YHhIRIT HIT HHI BId Sl TS dsTal & (waning of the Moon ) FgUTdT.
3T, 3IQTST 4T BT AT DIVIT T BETd Jg! BIss ST VAT AT Held & B, ©
AT qoaull HHYT T BRI, GEId BT B, Sl dg GHOHURIT TRl (R (1
TeT) ST SR T &7 B, TR STHATIRIYRL U= R (3 Uer) ATl dsrdl gl

BN (TIEHH, 0T U&7 31T 3[acs uar).

Task 2: Analysing a data table

S 3: Aifeddl AR fa=3yor

Table 1: Images of Moon taken on different dates along with rise and setting times. In all pictures,
west is top and east is down. However, depending what time of the day the image is taken (and
hence if the Moon is in western or eastern sky), the brighter part of the Moon may be visible
upward or downward, or slightly rotated.

a1 9: AT ezl / AR d5ied Al TSI I dRiJaR dsrean Ul daedn /
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Moon and its shape

gferT gaesl/ feusst grar (3for # o[ SR =g uffmrar fhdr Yd=ar shrRid e o)), dar
TepTFRId AT axed] fhar WresedT aro(est febdl febf=ret foRepT Stercig 319 3rehel.

Sr. No.
1)

01

02

03

04

Image Of
Moon
CEEIl
gferar

Date

LN

18/02/2018

20/02/2018

23/02/2018

24/02/2018

Rise
Time
CEIER
4t d

08:02

10:01

12:15

13:07

Set Time
EELSI
EIEY

20:00

22:39

00:31

01:31

Sr. No.
ﬂ .
67

05

06

07

08

Image of
Moon
EEEL
EIREI

Date

26/02/2018

28/02/2018

01/03/2018

02/03/2018
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Moon and its shape

GINEE)

Rise
Time
EEIER
4t d

15:04

17:10

18:12

19:12

Set Time
EELSI
EIEY

03:32

05:27

06:19

07:08

Sr. No.
ﬂ .
67

09

10

1

12

Image of
Moon
EEEL
EIREI

Date

aRIg

04/03/2018

05/03/2018

07/03/2018

09/03/2018

Rise
Time
Fgrear
4t d

21:06

22:01

00:13

01:54

Set Time
EEISI

EIEEY

08:36

09:18

12:06

13:29

1) In Table 2, fill the columns 4 (Moon shape) and 5 (Boundary) of using the information given

in the first three columns

q) qaI 2 AL, ufted N TP et At auEs YBE 4 (FgTEn SMHR) SN 5
(ATHNET) ¥R
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Table 2: Observation Table

Moon and its shape

|rRoft: frieror wRof
Date Moon-rise | Moon-set | Moon shape (crescent / half / | Boundary of Bright
Jg time time more than half (gibbous) / full / | and Dark region of
FelearY | derErdy | absent) Moon is  (convex /
o o FGTAT MR (AdR / Sefis / | concave)
3regTuen S (PAfR) / qui / | dsrar gerfera 3imfor
TRESR/AFURR) TSE  HRTET  AE
CIEEENAREED)
18/02/2018 | 08:02 20:00 Crescent Concave
EETAN SREEY
20/02/2018 | 10:01 22:39 Crescent Concave
EECIN 3iqdsh
23/02/2018 | 12:15 00:31 Half moon Convex
SEC afeds
24/02/201 | 13:07 01:31 More than half Convex
8 3T SR (PAR) BIRCED
26/02/2018 | 15:04 03:32 More than half Convex
JEITUEAT SR (PIR) BIRCED
28/02/2018 | 17:10 05:27 More than half Convex
3T ST (PfR) BIEEED
01/03/2018 | 18:12 06:19 Full moon -
QUi g
02/03/2018 | 19:12 07:08 More than half Convex
3rETeT SR (PfR) CIRCED
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04/03/201 | 21:06 08:36 More than half Convex
8 JFEITUEAT SR (PIR) BIRCED
05/03/2018 | 22:01 09:18 More than half Convex
LT SR (PIR) EIRCED
07/03/2018 | 00:13 12:06 More than half Convex
3regTYer ST (PHfR) BIECED
09/03/2018 | 01:54 13:29 Half moon Convex
3rd @i BIECED

2) Study the table and state if the following statements are true or false.

Q) TR faoraan Aifeeiian ST+ & Yele faum ww fohar srred, o |,

a) The bright part of the Moon is always towards the Sun.
a) TSTET THTRI W TEH! TS Al
True, 9

b) The boundary of dark and bright part of the Moon is always concave.
b) TSTAT TS STIOT YhTIRI HINT AT AT T+ JicTash 37

False [The inside edge of a crescent Moon is concave, while for a gibbous Moon it is convex.

Refer table 1, images 9-11]
I [AEdRIE! Il He1/dT9] 3fddsh 3le, IR ATl PR AR HS1/dT9] Ifedsh 37e.
PYT T 1, TIHAT 9-11 UTET]

c) The Moon does not rise at the same time everyday.
¢) TG SRR UhTd dob] ST TSI,
True [It rises approximately 50 minutes late every day because of its own motion around Earth. ]

J [gedTHTech fhram dgredn e Hidd! hruaHe (TRISTHD) T RIS GAR 50 FAfTe
IRRT A ]
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d)The Moon does not rise on a new Moon day.
d) sMTETR= {2l 5 Ied Bid ATal.

False [The Moon does rise, but its side which faces Earth does not receive sunlight. Also, it rises

with the Sun and due to sunshine we can not see it. |

I [FETaTRIAT fGgaig! @i Sadl, i gedihs Aol JSHRER YD Ted el
R, daied GAGITERIER BIdl M7 GAUBRMS MUcATS] 5 fdd ATe! / 90T o5 uTg
3Tehd TEl. ]

e) On the day after full Moon, we expect the Moon to rise around one hour after sunset.

e) UIMHTR =T faa=ll, URAFOR AR Udh dbH % I, 3701 3T JTUel 379,

True [On a full Moon day, the moonrise happens at sunset, hence one day after full Moon, the
moonrise will happen nearly 50 minutes later. ]

qg [Hiftrea fegah, dgiey GIrarer del gidl, FTd It Ve feaariar / ga=l

e, 9519y Sigesiae 50 e ar 815 . ]

f) On the day before new Moon, we expect the Moon to rise around one hour before sunrise.

f) STHTEARIT ATG T a3l GATGATA AN U 14 el A STd e, N30 AT 7Ue 7l

True [On a new Moon day, the moonrise happens at sunrise, hence one day before new Moon,
the moonrise will happen nearly 50 minutes earlier. This phase of Moon is usually very faint and
may not be visible easily to naked eye. From some locations if the eastern horizon is clear, it is
possible to observe it with naked eyes.]

q [sMmar=] fa=l, gaiearsl 96l dgied Bidl, W9 JHEaRIe] Uh faaq sl
5T GAR 50 MFCIqdl 8w, TsTal 8 ST MYl 3dd &for/ Ha/ fihehe fawa amfor
TAT Sl 1] FESIEEll [GHUIRT S¥dles TR, Brel fSahrorawad/fSwrof SR qha<ie f@ifrst

TS AR5 IR AT ST (=T oIl odT feyg 2repel. |
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g) In a waxing fortnight (shukla paksha/bright fortnight), the Moon is already in the sky at
sunset.

g) Tsge el UeRaSITd (3 Yel / YDIRIA JeRaS), s AR dodl DRI Nl

True [The fortnight from new Moon to full Moon is called as the waxing fortnight. On a new Moon
day, the Moon sets with the Sun, and after that, everyday it sets 50 minutes later. This is why
during a waxing fortnight, the Moon will be present in the sky for some time even before sunset. |

G [SHTERIUTY YIRadded deaRgSTed] BIAadia Jde Uel T, JHEAS], a5
ARG Al ST MR I8 SRS 50 HAFCHOR Adedl. =UEd 3[ds J&rA
FIAHT I B GARAYAd Blal 96 MHrind fag Srrdl. |

h) In a waning fortnight (krishna paksha/dark fortnight), the Moon is already in the sky at
sunrise.

h) @& &gl UeRaedrd (W1 Y&t/ TSE YERdsSl), GARARNLE dg IMHRIT 3Tl

True [The fortnight from full Moon to new Moon is called as the waning fortnight. On a full Moon
day, the Moon sets when the Sun is rising, and after that, everyday it sets 50 minutes later. This
is why during a waning fortnight, the Moon will be present in the sky at the time of sunrise. ]

I [HIRORE SMEARITIT=T YeRdSaTe] $W U&l oA, UIiHaST, g3 STadr s
Ag@dl AT JFR, d5 SRS 50 MO Ad@dl.  ®WUEd H eIl
PTG/ UeRaSATd <5 GIATGITT dd! JTHTAT 3. |

3) Imagine that we are astronauts and have gone in space above the plane of our solar system,
and we are observing Earth and the Moon from above. Rays of the Sun are falling on Earth and
the Moon from the left of the page and are parallel to the bottom edge. In the diagram (figure 2),
draw appropriate diameters of Earth and the Moon, to separate the parts receiving sunlight and
the parts not receiving sunlight. Shade the dark part with your pencil. Next, assume a tiny
observer “O” on the surface of earth, exactly along the line connecting the centres of Earth and
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the Moon. Draw an appropriate diameter of the Moon to show which part of the Moon will be
visible to this observer.

3) BT BRI B ATYVT IFARTBAR JATEI AT b1 YT FAHATFT TS AR A
TEIT AT 3Tq0T et JMMfYT < I avat fRIeror eid arela. gare fhror gedl for <is
TR YT ST g 301 ToTHT FHIGR 3720 TSo! 3fed. JAThedid (3Pl 2 HE), YAl
3T < AT AT AT BT SRS GAUDIRT TSe5es W AT FAUBTR 7 TSe5ed W ey
AT/ g AHTe. AYBIRG AN JHATR SIS YIS Tea DRI, Y/ 3T, YT 3107 <is A<
BST SISUIAT YA Y=l YSHRTER 3R Udh dRI%/GeM MRigd & J8id exl. ol
FRI&TTesT TSTel DIV HIT GITHT IS B SIRIJUITITST AgTal Iy T el

4) Based on your diagram, answer the following:

4) AT MGeATAT IR Y I =T:

a) Is the observer in the bright part or the dark part?
a) FRI® TER/ISTRH U BTSSRI 318 ?

The observer is in dark part.
YT TS W 2.
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b) As seen by this observer, how much of the Moon's disc is bright (less than half/more than
half)?

b) FRIAHT UITEATIHATO, FgT fheil WINT HHTIHTT AT (ST BHT / ST ST ) 2
More than half. 3edTU&TT ST

c) Let us assume that the diameter of the Moon is 2 mm. Then the diameter of Earth will be
approximately 7 mm. At this scale, the distance between Earth and the Moon will be about 23
cm. Draw a diagram of the relative sizes and the distance between Earth and the Moon. By
looking at the diagram, it is possible to conclude that observers at any location on Earth will see
approximately the same phase of the Moon. Do you agree?

c) AU 3 A, DI daral G 2 Al 3. AR gedTen g gar 7 ). gige. o
THIOR, geat AT =% Aieanclies SR GAW 23 I, 373, gedl T =g Ji=amiiess 3ic
3ATFOT T ATUET ATHTR Fi<T ATl DbIa]. Pl T AT FhY Bl IS Bl D, JeaTar
BIUTE! fSHToN FRIeTd e TS FaTedl B3l GHIF / ARSI (a9cdies. arear gl
HEH 3BT B17?

Moon

Earth
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Yes. Due to extremely small sizes of Earth and the Moon, as compared to the distance between
them, observers at any location on Earth will see approximately the same phase of the Moon.
B, ged] JAfOT i e SRl Joiid Qrdide! BIRATT AT Bl I, G
PIVTTE] R/ [SHTaE FRIGHTST A5TedT ded] AR ARG/ FAE GHdila.

d) Where will the Moon be on the full moon day? In your diagram, mark the position with a circle,

and label it as F.

$) YR faa=l 25 BIs 3RYes ? JH=AT M, TN WA Ig@ HIeT AT JTHT F
ERICE

e) Where will the Moon be on the new Moon day? In your diagram, mark the position with a
circle, and label it as N.

e) JHTITRIAT f&qzl d% BIS e ? AT Telld, AT RATATHIE I DIGT ST ATHT
N & =ITd €.
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Rays from the sun

>

O

As seen from one orientation (say vertical)

Rays from the sun

>
39,
>

As seen from another orientation (horizontal)

f) Will the shadow of Earth fall on the Moon on a new Moon day ?
f) SrATaTRIE faa=ll gl Aae! TgTar Tee) 17

No, on a new Moon day, the Moon is on the same side of Earth as the Sun, therefore Earth's
shadow cannot fall on the Moon. A common misinterpretation for this scenario is that Moon
being on the same side of Earth as the Sun will always lead to solar eclipse. Note that the Moon
may not be necessarily on the line connecting the Sun and Earth and hence need not be a solar
eclipse.

TET, JATATRIT f&q3i =g Mo G gedi=a1 UaTd JTo[a3 SN, U Yl Araei! TaTay
TS el I7 R JTadid /T U IRAHST AU 318 &1 AT daadies gedi=n
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UhTd FIS[] A SXdd! JAUSU BIses. Sl Bl B, T dbarrad g AT gt Ii-
SIS UTT=AT R aR <797 AT T[T GAUS U Blge3, © TRo A8l

g) As seen by astronauts, Earth rotates anticlockwise. In question no. 3, now place a second

observer on the surface of Earth, on the upper edge of the dark part. Does this second observer
see a sunrise or a sunset?

g) SIRTBRI! IS ITIHHTYN, Yo TreTeored] bredi<dl o faar (ufafead) fhrd. vz 3
AL, 3T Udh G FR1eTd Jeai=a] SHNER, S8 HITA] dR<T de ol SHT 1. 130 R
591 FRIeTd T gaied & gaiad favies ?

We have assumed that the Sun is on the left side of the diagram, and from this angle, Earth
appears to rotate anti-clockwise. Thus, the second observer is moving from the darker region
into bright region. Hence the second observer must be watching a sunrise.

3ITI0T 3T BT EReF 31T DI G 3MTpcire] ST AT M2 30T IT B, JdT Tl
Pl IGe (G2 hRd e &, 311 UbR, GART FRIgd S8 WIdhg T

YRTHE ST 378, U g1 FRieTdTer gaiey favie.

h) As seen by astronauts, direction of the Moon’s revolution is also anti-clockwise. So is this a
waxing fortnight or a waning fortnight ?

h) SRIGIRI Ty, FET=aT IRYH0T RAedis TedTerel deare fawg 3ne.
R BT 3 UeT 31T b H0T Y& 3778 2

Direction of the Moon's revolution is also anticlockwise, hence the Moon is moving towards the
same side as that of the Sun in the sky with respect to Earth. Therefore, it is a waning fortnight.

ST IREAVTE (SRS Tered=l HISAi=l SGC ATe, UM g IMBRIMT JATIHT
g Rl e 31Te. T, BT HWT Uef 3fTe.

i) Can you guess this?

) T ITaTad TSI DRTe3 BI172

(i) During a lunar eclipse, the Sun, Earth, and the Moon get aligned. But we don’t see a lunar
eclipse on every full Moon day. What do you think is the reason for this?

() TsTEvmeT SR A, gedl YT dg Udrd X . IR AUATS] TAD UIHST
U8yl faad A8l ARG BIRUT B 3RA 3/ JT3] T ?

(ii) Do we see a solar eclipse on every new Moon day ? Give reasons.
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(it) IAD AT faa=lt SMITT AU f&Fd B17? BRI .

11. Suggested Reading / Resources

11. 31 TreFETASY/ ded

1. An education research paper on the difficulties faced by learners in understanding origin of
phases of moon:

Subramaniam, K., & Padalkar, S. (2009). Visualisation and reasoning in explaining the phases
of the moon. International Journal of Science Education, 31(3), Special Issue on "Visual and
Spatial Modes in Science Learning'', 395-417.

2. A short children’s film in Hindi (N25 min) made by NCERT in 1999, including role play activities
by children:

https://www.youtube.com/watch ?v=z1EBuKZ-MHY

3. A shorter YouTube video in English (™ 4 minutes) demonstrating phases of the Moon:

https://www.youtube.com/watch ?v=wz01pTvuMa0 & feature =youtu.be

4. Timetable of phases of the Moon for the current year:

https://www.timeanddate.com/moon/phases/

5. Brief introduction to the different terms for phases of the Moon:

https://astrosociety.org/edu/publications/tnl/12/12.html

6. Venkateshwaran, T. V., & Gupta, A. (2009). Basis of astronomy through role play. Bharat
Gyan Vigyan Samiti, New Delhi.

http://www.arvindguptatoys.com/arvindgupta/role-play-eng.pdf
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