e IMTfOT ATAT hell
Moon and its shapes

Main Author: Aniket Sule

Contributing Author: Pritesh Randive, Pranay Parte, Karishma Dhanmeher

Reviewers: Arnab Bhattacharya, Vandana Nanal

English Editors: Beena Choksi, Geetanjali Date, Ankush Gupta, Reema Mani, K. Subramaniam
Marathi Translator: Mayuri Tawade

Marathi Editors: Deepa Chari, Vijay D. Lale

Marathi Editorial Assistance: Aaloka Kanhere, Sushma Rawool, Nilkantha Gholap

Creative Commons License: CC BY-SA 4.0 International, HBCSE

\" VIGYAN PRATIBHA
V' o s



Exploring science and mathematics

8.15. g 30T ATAT hedl
Moon and its shapes

JTeldT
Overview

TG ATHRIT Thl AT BISTaLd f[SAR 95, ST AT TSTT Hedl FTordl, 8T faeneaiard) gHd Uh
P AT 3R, 3 Hie FRQEIS T S BT aesdld ? Tel BIRU TSI el AT, TsTe
IEBT BSIEETT 3D YR HSHT ATed. TSR TSHT YA A 966 SIS daTedl HSHE 980
BIT 3RATE] Ut odl 318, 37id [Aenedi= & AHGA UM sreavil Y. FaTedl Hesl GO U faermediay
YU e avll G HROITAS] IIs Jelidhs faemeafa oe audr 356 -

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 Moon 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:

i, STHTRATT TSI fCAUIRT STHR 0T M3 Yrarac= Uebl Hig=gTeiics A
a full month data about the shape and orientation of the Moon in the sky

i, AITTGAT AR I g G ATT 310 'CiSZN”\‘II‘CQHaET,Cﬂ 0
the Moon’s rising and setting times on different dates, and

iii. PTEl oxTdTd faaRl g onfor g% A Udhra It st e (faa)

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

T LY TCTHIA NIV & RIHUIR ATBIA B, FaT=AT ATBRI fhar gedl= TsaR TSoio! Ao AT 966 8l
8L, AMYeITesT yedTasad fEAuTRT &1 uRIH &, geail 1for <is AT ATvet TITHe BIV=IT g8 oo T I 31l
PR Fg gediilad fhd SRIcdT GATSTRTS d5TdT GRS dIITe] HIT HehT131d BId ST

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, Earth and the Moon, as the Moon rotates around
Earth with sunlight illuminating a different region of the Moon everyday.

T eI FehigR, et dgifamit sracrear Fifedia fsa3vor oad wWa: fshy Brevdren T HRdle T
ST G ATIRUIT AUIT=AT ST o] TRHUTNTGE IS RIdhdiies. AT HeahId 2 Pl 3MTed; Poil 1978, =g gediHiad!
B GRYAY HRAl, & SRIJUITATS (AT Hed1 qvarral) feneif gt aaavil (Role playing) ®Relies, JMfOT el 2
7, YA faeneft daedrd dife ¥R T JadTeiles ATfeciasa faaR e ol o SN S50,

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.

TR ST, faenedf saRIds dgma Ueh Afe-TvR fRRIevews B srdhdrd STl Wd: faderedn difeda fasssyor
A Achdld.
If possible, students may also observe the Moon in the sky for a month and collect their own data and analyse it.




8.15. g5 30T IT=T AT

T T a® A% ST gChTdl YhIR
Minimum time required Type of learning unit
40 faferd 9 w3 Tt 3MfdT (ZTeRT STTeaT™) WildedT ST
3 sessions of 40 minutes each Classroom and (if possible) field work

3T Heahrl Ies

Unit-specific objectives

* el [SHUIAT TSTed] Sl SR HRU]
To study the phases of the Moon as seen from Earth

- gedirad dgTd aRYHUT AT et A o faermeat=ar SreaiaHd iR IH SR

To visualise the motion and the orbit of the Moon around Earth

STWATHShATAT gaT
Links to curriculum

NCERT Class 8 Science

Chapter 13 : Light (Concept of light path and shadows) (Nov 2022)
Chapter 17 : Stars and the solar system (March 2006)

GESINE
Table T1

Mg

Introduction

SATIUT UTET bl ST JATDHIRT U] Hig=Ted] PITaeid SRIoT, TR MGG 31for g1 IfiHudid s@g® 990
BI AT, ST AT TEAT BRI TSI HAT V. IT ALIIT TSHI AT PTe! Pell D AT ATHGET Bret
TR SR NG FSTIT DG BIel Aheddl AT HUIR AT8I. Feia] ST 5gT STeiaR, ATI07 T 9d IR
Q‘*’BICILIUI Tt BT AT dé’ﬂc& 3TN ATITITIT YT hadl.

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 well-
reasoned answers.
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Task 1 Role playing activity @ Materials
AR GETET v ST IIIHITT TebT SRTd T AN fhvdl. QT AT BIe, U, WievaR gral
T RGN P& O, ST AN gedl garrad fhd 1 Aot gedi= Paper, pencil, eraser, etc.
QAT hefl TUTITe. TR ST W1 ©s gedi4rad el ol Aol darel
AHIGA T el FUTa.

“Orbit” is a regular path or trajectory that an object in the space takes around the other. The path taken by Earth around the
Sun is called Earth’s orbit around Sun. Similarly, the path taken by the Moon around the Earth is Moon’s orbit around Earth.

3Tl 1 He YTl ATHIa Befl AT ATl gedivracii=l Hefl SRIac] 312, & 3fgpel] JHTIS ATe!, Il A &1 (JA
AT AR ATHRTIET YU BB SRITSHT 318, THd G 307 gl JiTiies aRAfde SIRTUE G Y= 31erd Side
TTIAAT 37TR).

Figure 1 shows the orbit of the Earth around the Sun, and the orbit of the Moon around Earth. 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).

3TTeH FHTOT TRl

Not to the scale

Pl 1 G -ged1-dg iz perrHl o
Figure 1 Illustration of the Sun-Earth-Moon orbit

QA=A s U Udch I1dl, ST U eI Yol o71foT I SI-e SR, ATSHTYT TisTea] Hergose] Udh Ude ad SaTd ged
3AIMOT =i SIe! I, B QI8! U didvTas] A, TSTedl Hard Udes & GardIad! fhRum=ar yedi=an dharedn qaarl
Il SIS 5° 2T HIFIT Desores I,

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 5°.

TS ATV U W WRAT| TSI BT SR G AT Gt Jfeat SR A8 Po 31, & IT WD AT0] FHO U
Let us play a game which helps us understand the different positions of the Moon between the Sun and Earth, during its
different phases.

AT

Instructions

- < fareneil g, gedt anfor <is Afear e AreRidie. sa” et Aieumn sidRTae &l gl IReIs UIedie.

Three students will play the roles of the Sun, Earth, and the Moon. Other students, will observe the activity from a
distance.

« gedi=gT Yfired el [l Sl g urol Yol AT QT F1eh #8 0TSl YalaRies Udh dhlcd(-idh iaki] FHGLL.
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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.

. dgrean Yo faeneff e gedviac= wer SRIquaTaTS! U aq® BIee (2 MMasdd Tel, TR Tl 98d 8%
).
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).

gy fHeaites fenfe gedt srfdr < YreaTaRgT B! SaRTaR 9 M1, forel Sl 3av &I faerneaiven ored 39
319703 uTfeot (gatear Yffrdseiies <t frenfem S g 3repdl febart 8T Caasrar fohar weifar ST I1g 2reha).
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.)

+ Yles ATl faeRIT &1, SR 3170 yedi=gl STk gdTh g WieedT Q3 gediean hard Ude uliges R 39 f&de &
<% QI TSTared] dIediedl Iae (Tirafead) faar fthrdl, gedt gaiviad aererer el Sae faar
(fcrafeda) fhra 3o gedl W iadiadles TeTeredl hrediedl Sae faq (afrafedd) fhed. & A et
eI STl el
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.

© QAP [T SRIUITATS! e YfHhciles faentrmie werm M2 1.

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

« g Y HPT g faemeaiesT e fhRugT TR AT81 31107 1 UehT fSehToT AR RTg 2Aehell, BRI STITH]
ST BAAR B& Pbiod BRIA 2. TGTIT Bl USUATITS] TROTJAR T faenedi aa : Higd! b a1l
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.

* AT HRAT ST AT YT 101 G FTedT ST 3 T, 3T ST G Ichs U8R dhar] Tl Deafd (RIS A
To begin with, let the Moon be between Earth and the Sun. Now make the Moon go around in its orbit with its face
towards the Earth.

+ JFEI IS BRI B AGTT DIV T IS A AT GATBTR THS TR IV AR BRI FAH
Guess which part of the Moon’s head will be illuminated, and which part will be dark due to the absence of sunlight

* AT ST AT 3R BRI DI Yl €1 <5 SMIO7 Y AeT ST 3R-e3 30T T2 YepT WRed XN A 5.

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

*  TETAT BIVIT HTT SoTSTd 31T JATIOT PHIOTAT YT HIARITT 3Te5, AT T B

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

« 3T ASTAHT AT ARTER ATAT6dT SR g 1. ASTIT BV AT TBTRIA Bl e AT BV 181, ATAT &I 1.
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.

deTdl AP HRUMT faermeaidr TexT Sl Hdd Ydihs 3RIe, deal Tl SIaTed] HIvedl {ITER YhTal A,
T TS SR faeneg i+l Hrrar. YA TH1RI Sescs] <aTear SIqTd a1s] aa a3 RTeles o1 arg o=yt faermeafar
YIS FETeAT ST THIRA BIVIR A[ATT05 WIT, AT &S HRIAN BlIes. I, YT aoquil delHe Aiffidere
Hifedl FHSTUITS! faenegiH oirer d& &1y 2l

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 illuminated 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.
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AT 3R, TR o FATA FfRAUTET AT9R B B FSTHT YT TSIURY Rt RTATGAT ST ST STIST F8vT
GADBS TS ADBd. AR, femeaian a1 AR 91 =S FSTal qad FHRMA 819 ABUIRT HNT T Bl
PRIIS] HEH BIS 3. M2 UBR, YAl [FRIGTHTe] aTa Sl 91T JeblfRId faeal, dre Wi ®urst <arel ol %
FHOTT U563, T IIIRAUT ATV Geb TTE TJE1d IR e 3178 1 a1l e Yo | 8! GATTAR . 0T G R
372(1 3TTe I <sTa e U | 4] GATAHR TRl Segl g geaiwiac fha 3Ry degl Al W lacdiadies fhrd
3. ST TG fRugTeT (ARASGT) BISTae 81 ATeaT ediHrad! fhRuar=n (ARYH) HIAadIvas! 3Rl
U daTdl Uhd d1y] Jediawad . YfreT geauiaics Jfaar Iovrd], didbears AT qwr A fofeoren
“Basis of astronomy through role play” I JR<Td=IT HUT ATIR $HRT (YT HSHATST Feracses Al TaT).

If the students have difficulty visualizing 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’ face is being seen by the
observer on Earth, one can visualize the phase of the Moon.Another assumption in the alternative model is that the
same part of the Moon is always facing the Sun. But the fact is that the same part of the moon is not always facing
the sun. 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).

« IOTHT ST SrATATRA
Full Moon and new Moon
ST BN g DIV [SHTUN AT YedTaNTes eaciies] (Yedean YA sTosedT faenegiean T W) difvrAT (fdhar
SHTERA) e ?
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)?

g Yfidheics faemeat=a SraRT= A MTe aTo]c3 QETal S 3118 312f dHedT dhost, IR ferearardt fifd (fhar smmare)
ferauarTdl =i $o SR ga1? (I ST 33 Sara ool Aew 311e).

Where should the Moon be, so that it is full Moon (or new Moon) 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).

T Y BT BT AP DITT fGAST e ATHT He<d 7 T, SR GIOMHT 39 I= o GIforT 81e | #=gurord @ UanT fafde
TR G fe2Id rIe] gl

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.

STft gedt fOhvd, T4 gedi=at e WITTeR HifvmT (fddT SMTawRIT) B 3 31l

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

ST TEOIE] ATSIBR AMfe! 3fre 3 el |y ardbdrd o <is SieaT yedl o G Jiedn xwam o4l el dl
PBISTaL TEUITT . 372f1 TRIRICH STBUITATS! ST i 3l B! [T =T e Tesdr SHar dHddcies 3ATe. 3Taul
ST I 3BT B YT uTfees, IR <5 SN0 G SIRI YTl [T 3105, TR °f JTAT ARG N TSI, T, Sieg]
Jee1 Ui TBUTaE e Tl BRI el Ha¥ T a¥ics Gl aTuva 2.

Someone who knows a little bit more about eclipse 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 discuss the phenomena of eclipses in the classroom.
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- IdEg

Half Moon
3FefeiE PV AT S AT JAQTST BT ST T Gl TSI Tl B

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

=I5 geatvIach fthRd ST QAT el &1 dal G — Jedi — =5 Jieal SIRITT BI 90° BIdl; I alval dodl ewis
ORIe3. ST =1 B AT dd] YATales TABTAT feis e

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.

TR 4] BRI D] 5 AT BeTd (e AT, JATgR Tfees IR A5Tal TbT31d W BIe! BIGTATS! ST fasidl 7Tor
Ue BIe! BISMTS] HHI BIT [SHAl. STeal dgTaT FebT3Id 9T dIed ST, TS daral ga! (waxing of the Moon) FUIATd
ST STegT TgTaT HehTRId HIT HHI 81 STl ATST FaTa &1 (waning of the Moon ) T8O, AT, 3{&TST BT &1 deTedT hare
PIVTT AT I Jeg| Bl o3 ST DIOTT LT W &1 Ble e ? & Joo! (HPT aoaull BellHe WY DRI, S&d &l B, Ig

TR R ST 1Rl <T@l T &7 81l AT Pl Y&l TSI, STTOT STATaRATY difvrea fRucia
AT FSTal g1 B, ATHT s Y&l FOTTel.

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, respectively).

elt 2: deraTete fad= fascaor
Task 2: Analysing a data table

>

SFCRUL 01 02 03 04
Sr. No.

CECIRISE
Image
of the Moon

EDE £ 18/02/2018 20/02/2018 23/02/2018 24/02/2018
ate

=1 I 08:02 10:01 12:15 13:07

Rise Time

ST 9 20:00 22:39 00:31 01:31

Set Time
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ﬁ .
Sr. No.

05

06 07

08

CECIRISE
Image
of the Moon

IRg
Date

26/02/2018

28/02/2018

01/03/2018

02/03/2018

CEERIEIGEY

Rise Time

15:04

17:10 18:12

19:12

Tl

Set Time

03:32

05:27 06:19

07:08

ﬁ .
Sr. No.

09

10 11

12

CECIRISE
Image
of the Moon

SINEE]
Date

04/03/2018

05/03/2018

07/03/2018

09/03/2018

CEERIEIGEY

Rise Time

21:06

22:01 00:13

01:54

T I

Set Time

08:36

09:18 12:06

13:29

AT 1 IITAT0T TIRGTT G5 ITT 30T GSRATedT 4] TSTeT Eidosedl Ticrar. STbTRIdlcs
FETe VT 110 98 IGIR qIRdfdep Y [T TTaqeTier 37 3777 el

Table 1 Images of the Moon taken on different dates along with rise and setting times. Depending on the time and the position
of the Moon in the sky, the actual appearance may be different from what is shown above.

1. a1 2 AL, Uil A YbT=Td faeses! ATfecl aTasad I 4 (TSTT JATHIR) MM 5 (FATHRET) HR1.
In Table 2, fill the columns 4 (Moon shape) and 5 (Boundary) using the information given in the first three columns

BRI (E e YSTIR TSHA SoTS AT HIBE
_ _ sreafaen S (FfR)/qoi/ ) e (b i)
GINiC| IREAr A% | dErard 9% g AW fFaeT ) .
L . Boundary of Bright and Dark
Date Moon-rise time | Moon-set time Moon shape (crescent / half . .
X region of Moon is (convex
/ more than half (gibbous) § e )
/ full / not visible)
18/02/2018 08:02 20:00
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20/02/2018 10:01 22:39
23/02/2018 12:15 00:31
24/02/2018 13:07 01:31
26/02/2018 15:04 3:32
28/02/2018 17:10 05:27
01/03/2018 18:12 06:19
02/03/2018 19:12 07:08
04/03/2018 21:06 08:36
05/03/2018 22:01 09:18
07/03/2018 00:13 12:06
09/03/2018 01:54 13:29
qAT 2 [A90e70r Taar
Table 2 Observation Table
ST B (ASDIR/ : ; N
el sreatve 'é“” NN
- Hereardt T S el (afedsh/3iads)
o 2 R fersrest et Boundary of Brigh
Date Moon-rise time | Moon-set time M h oundary of Bright
o eliye (el and Dark region of
/ half/ more than Moon is (convex /
[ i) il concave / straight)
/ not visible)
18/02/2018 08:02 20:00 RN “NEE
crescent concave
20/02/2018 10:01 22:39 RN T
crescent concave
23/02/2018 12:15 00:31 aélfl‘—&r straight
Half Moon
24/02/2018 13:07 01:31 ST ST (FIR) afeds
More than half convex
26/02/2018 15:040 3.32 ST ST (FIR) afeds
More than half convex
28/02/2018 17:10 05:27 ST ST (FIR) afeds
More than half convex
01/03/2018 18:12 06:19 ot ¥ -
Full Moon
02/03/2018 19:12 07:08 SFEATIET ST (FIR) afeds
More than half convex
04/03/2018 21:06 08:36 SFEATIET ST (FIR) afeds
More than half convex
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05/03/2018 22:01 09:18 SRIECINISECRINY qfeds

More than half convex

07/03/2018 00:13 12:06 SeTuET S (M) qfeds

More than half convex

09/03/2018 01:54 13:29 EACE straight
Half Moon

qaAT T fA¥1eror T
Table T1 Observation Table

2. JaaTd feosedn AT o &% ales faem sRIaR fhar ga, o |,
Study the table and state if the following statements are true or false.

a. ST UHIRIT 4T T8+ A< fEIeT 3l
The bright part of the Moon is always towards the Sun.

TRITR

True

b. dgTaT TS SO TR WRT AT FHET T8 3iddh 3.

I [Ap NI MMl BT 3icTdsh 3R, IR I PR HRIB SIS HSl diedsh 3. HUAT Al 1, M9 T 11 42T]
False [The inside edge of a crescent Moon is concave, while for a gibbous Moon it is convex. Refer table 1, images 9 to 11]

c. TG WIS U I I A=,

The Moon does not rise at the same time everyday.

IR [d5 BT gAHIEed fh=ar (TRyor). A1 fhRvares d5 SIS AR 50 FfTe IRRT S, ]

True [It rises approximately 50 minutes late every day because of its own motion around Earth.]

b [sHTarRIeA il g SIad]. uRy Tl Yedlds SRIGeT YSHIITER ISR Usd ATel. T34, dg GITaRIaR
ST SATFOT GATAT TDBTRTT SIS T [ el ]

False [The Moon does rise, but its side which faces Earth does not receive sunlight. Also, it rises with the Sun and due
to sunlight, we can not see it.]

e. HIftHdR=aT go=T fegall, GRAoR GAR U TR dg S,

On the day after full Moon, the Moon rises around one hour after sunset.

TRIER [T fae=l, Seiey QAT 9! gidl. T UfiraReal gl faqzl, daied Saworas 50 (e
SEINESIN!

10
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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.]

f. STHTRA fTaedT faazll, gaiaarean GHIR Teb 1™ 377ell g S,

On the day before new Moon, the Moon rises around one hour before sunrise.

RIS [smrarRIe &gz, dsiey qaiearsn da! sidl. BUEd SHEaI el faazl dged gar 50 ffe
3l Il TsTeN B Bl AU A fhahe 3R AT JHT S ATl fa¥id ATel. Bral [SHIof SR
adbSIcs farfersT <8 3T, AR TN SIodil ol doT fay 3Tahd. ]

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.]

9. dgE T YRGS (YFeF Y&l/TapTIRId GeNesT), UK dasl < JATBIRITeTd Al
In a waxing fortnight (Shukla Paksha / bright fortnight), the Moon is already in the sky at sunset.

RIS [SHATERRIINA WTHTRIT=T deRaSITe] e UaT Fe U, FATarr=d faaall, s alekieRd Al T
AR Ts GRRIST 50 AT ATeeset STl T 33 YelN, T GANRISEIS! DIe! dob STebIRAT [ BTl |
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.]

h. g erTed] YeRASAT (P Y&/ TS YEReST), GG AT <is DTN 3Rl
In a waning fortnight (Krishna Paksha/dark fortnight), the Moon is already in the sky at sunrise.

RIGR [HIHIRET SrTarRqidea] YeRaSATes] Ho1 YaT UK. Ui, A SIad Sl dg Ao o7
ATOR g GRS 50 iR Areesdl. FUTd HT Yalld GG ol dg AP . |

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.]

1. ST BRI DI YV SFARTBAIR ATE I ATOT SATBTRAT AT GAATCS AT YA G- e TSI, TR JAT0T G 3Tf07

<5 I g [FRIET0] I MBI, AT (bRl gt 1foT <ie Jiedrar Urred Saldg M0 JoTe] FHIR 3F2l TS ol
SIS, TN (AT 2 HE), YT 3107 d AT I ATH BIa] SITHo6 GATDT TS cres W ATOT GAYDTR 7 TS e5es
HIT 705 TG Acies. ATBIRIT W JHATH SIS UFRAG TS BRI, AT, G 0T dg AT b1 SIS U1 XaR
e T=gT YEHFIER 311 Ud Be FR1eTd ‘0 eI &_1. AT FRIeTdTesT dSTal HIvrdT HIT G339 e § SRaqUITrs!
ST I AT BIal.

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 the Moon. Draw an
appropriate diameter of the Moon to show which part of the Moon will be visible to this observer.
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Exploring science and mathematics

FATH ST MTe5es TAIGR fhvoT QRI UM
Parallel rays from the Sun visible part

QA< THTOTI ATET

Not to the scale

MGedt T1 [0 O |18t FSTehl HoaT (faemmeai=t sirgpe! Bre vl sTferd 37Te)
Figure T1 Moon phase for observer O (To be Drawn by student)

4. JAT TGl JMMER YT SN &1 -
Based on your diagram, answer the following:

a. [iere T WM B TS& HII 318 ?
Is the observer in the bright part or the dark part?

[RAGERISERIRICE IS
The observer is in dark part.

b. frterem qTfeeamymT, FeTar el HIT THTaT 31T (STeatvel &I/ reatuer S ) ?

As seen by this observer, how much of the Moon’s disc is bright (less than half/more than half)?

eI TYeTT ST
More than half.

12

c. SHTFUTSR#HH DI TsTeT AT 2 FRfl. 3e. AR Yl I gAR 7 FRfl. 85, IT YHIUIIAR, gl 3o
<5 AT AR GAN 23 HHI. . TR TS U] diToodl PHITGTIR YT TfOT e Jie ATder 1R ATfo7

JieTHTe AU 3R AT 37Tdhel! Bl a@ﬁwqﬁﬁwﬁﬁ%aﬁm%mﬂﬁaﬂww AT ST AT

AR (Gl 3T By Bledl Ised $17? ATARN Jrel HeHdd el BI?

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 on a separate page if needed. 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?

Explain.



8.15. g 3110 ITT B3l

B, gl M1 g IS SR & 1d, Qe d SMHRAT A BB e, YNl HIveTe] [Shrumasad
FRITSHTST TSTT 3T STawoTdes ARSI [Sue.

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.

Moon

Earth

SIERIBEILISEIE]

Not to the scale

Sl T3 Gl 71107 TSI ATve] STTepTY d TedTccs WIdel SidR G3Iavis) g,

Figure T3 diagram indicating the relative sizes of earth and the moon and the distance between them.

d. IR faash <is BIS 31Ye ? T STTdiid, ATl IRATATHIE dqe BIal TN TSI F & A1d 1.

Where will the Moon be on the full moon day? In your diagram, mark the position with a circle, and label it as

GATHGT 3Te3es fehRoT

Rays from the Sun
_—

_—
_—
— 5

—_—

o1 fe=is TfeeTet (9T %) @

As seen from one orientation (say vertical)

GATHGT 3MTe3es =0T

Rays from the Sun
_—
. @
_—
—_—
3 ?\_‘1 ERINISKIE

o1 fa=i OTfeeTst (7T aTo

As seen from another or|entat|on (horlzontal) Not to the scale

SNt T4 GIHET feae (fAemeal=t a¥ies qiies! BIvde] Y@ BIecdrs dleses. dlal YEIfea BIeedrd o
farerre=if=ir 1féres T FHTR A9 3T

Figure T4 Full Moon day (any of the two drawing by students are fine.
Drawing both may help bring more clarity to students)

13



Exploring science and mathematics

e. SFTARIS fa=ll T5 BIS A ? JHT IMMlld, AT RIFTHIAN Ies DI AT ATHT N & 74 &l

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

FATh g 3ATcses favor

Rays from the Sun
—_—

_
_

_

O

U1 feRie IfeedTe (FST 9%)

As seen from one orientation (say vertical)

SUIESSEICIOAtAT
Rays from the Sun

S
_—
@
_—
_—
TehT fi aTfeearT (AT aTo) STl FATON e
As seen from another orientation (horizontal) Not to the scale

MG T5 SHIGIT faaes (fAemeaft aies qIid] BIvde] SEIH BIGeT™ qlo5es. Qe RGN PG o
farerre=if=r 1féres Tt TR A9 3T

Figure T5 New Moon day (any of the two drawing by students are fine.
Drawing both may help bring more clarity to students)

f. SRS &2l GeATE! A TSTaR IS BI7?
Will the shadow of Earth fall on the Moon on a new Moon day?

TET, TR faal = S11foT Y gedi=an UsTd 19l STAdT, TV Yl Aide! daTar gsd e, I1 =
FIEHI AT U IRTHST 318 B AT dgadics Gl ThTd a9l JAT o] AU Bl es. eI &l
B, 5 Darrad G STOT gt i1 SFATSUIT=IT YR THTE] 0T FUd AUE 81535, & TRoM ATel.

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.

g. JIARTBIRIT UTRITIHATOT, Yol SreaTa e HIcAedl S faal (Ffrafead ) fhc. T 3 9e, 3111 U GOl FRIeTdh
YT YEHIIER, S8 WRTAT a1 heesT SHI BRI, 37T R g1 FRIeTdpTe Jalad o gaied fades?
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?

3ITYYT 31 TR 8Re 3MTe B G ATPIHE] ST T[T 312 30T Y, Yol el blediedl S a2 fhrd
RFAT el 3731 R, GRRT FRIETeh TS Wb g YT IRId IR SiTses. BU[d gl FRIeTdhes gaiad favies.
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8.15. g 30T ITIT HAT

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.

h.

IIRTERI UTfEeaToToT, dgrean yRYHuTH fRaedle aeaTereal dreaiel favag oiTe. TR &1 Jd & 318 Bl
P07 Ue TS ?

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

<sTel GG Ul fSedles TedTared BIeiedl IGe 3MTe. U Y=l el gI T [T 3118 T
fRIeT =% a1 ARl U, 8 HI Ue 3ATe.

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.

T ATETE fETST DRI B2
Can you guess this?

() TTEOTeT SR A, gedl AT Tis Yehra YT AT, IR IS T GRS dsusyl fadd e,
IS HIRVT B 3T 3 T3] ared ?

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?

(i) T SFATITRIA a2l U] GAUB T & D172 IR L.
Do we see a solar eclipse on every new Moon day? Give reasons.

31fden areATaTSt [ Teod

Suggested Readings / Resources

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 thephases of the moon.
International Journal of Science Education, 31(3), Special Issue on “Visual and Spatial Modes in Science
Learning’, 395-417.

A short children’s film in Hindi (~25 min) made by NCERT in 1999, including role play activities by children:
https://www.youtube.com/watch?v=z21EBuKZ-MHY

A shorter YouTube video in English (~ 4 minutes) demonstrating phases of the Moon: https://www.youtube.
com/watch?v=wz01pTvuMaO&feature=youtu.be

Timetable of phases of the Moon for the current year: https://www.timeanddate.com/moon/phases/

Brief introduction to the different terms for phases of the Moon: https://astrosociety.org/edu/publications/
tnl/12/12.html

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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