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Exploring science and mathematics
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Moon and its shapes
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Introduction

BIA AT, ST AT TEAIT JBRIAT ST HAT U, IT ALTAT HCSHI AT BTe! ell Dad AT RIS Bl
TR TR YT TSI B3 ae] BIel Aheddl AT HUIR AT8I. Faial ST g SR, JATI07 T /d IR
Q$f;|qu| At BT JATT d&){lc{; 3TN AT 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.

qu-ﬁt‘ljﬁa'ﬂaa—cwﬁqw-ﬁ @

Task 1: Role playing activity Materials
SIBRNINSG TSl I GAT IR G ST AN fhRa. &1 Armiest PG, Himle), et g
T AT P& TN, ST AN gedl arrac fhRad 1 Aot gedie Paper, pencil, eraser, etc.
AT BT FOTT. TR ST AR <is YedTHIac fohral cr Ariest <isr
e iTacie He FEUrdrd.

“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 7e YTl GATHIacd el AT A5T gedivlaciil wefl IRIae! 312, & 3Tl FHTNG AATe!, Al Aig =1 (JA
AT AR ATHIRTUET YU GBI SRIGSAT ATe. T G 10T gl YreTeiies aIifde SIRTUEN Y& YeedT 37eie Side
TRITSH] 3.

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).

SIERIBEEIEISEIE]

Not to the scale

PNt 1 G -gl-gs greyT weprHl o
Figure 1 Illustration of the Sun-Earth-Moon orbit
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Yo heEres Udh Udes d1dl, ST U eI Yol S71foT I SI-e SR, SATISHTYT TisTed] dhearose] U U add ST gedl
31T < QI8! SRAATA. &1 Sve] U dIaIe! I, daTedl Phard Ude & JATHIad! fhron=ar gedi=an derear gdaren
I ST 5° T DI Deseres 3.

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°.

ST ATV U Wb WRAT! A&TeAT Bl IS G AT Gt JieaT ST dg Po 3l 8 IT WD AT FH 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.

Instructions

o I faremelt g, oAl Snifor =g Jiedn YTt AThIRIe. SaR [aerell ATSAT3I SIeRTaw &1 $oll RGBS UTsdle.
Three students will play the roles of the Sun, Earth, and the Moon. Other students, will observe the activity from a
distance.

« gedi=aT YfTehd ool [l ST g oTol gedt M1 QT F1eh #e 0TSl YedTaRIes Udh hIcd(-idh aki] FHGLAL.

Head of the student playing Earth’s role represents the planet Earth, and his/her nose is an imaginary person on Earth’s
surface.

- =gren fddies faenell dere gediHiacl Har SRIquITATS] Teb aefes HToes (8 JATaedD ATel, IR Tl Had 81
D).
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 qfHpaites fenfe gedl sy d TR $rel siaRTeR S TS, frd Sid 3av &l faemeaiven ored 39
31 <5 UTferT (atean YfHdies o faemfS 39 org 3red fdhar Se caamaR fhd Gafar 34 I1g 21ehd).
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.)

i A faeRIa &1, SR 317 gedi=aT ST gdTdhg Wee Gz gediean ward Ude Uliges ) 3 fade &
<% QeI TSaTa@red dlediedl Iae (Afafead) fazr fhdl, gedt gaiviacd aearer=r sreai=r Iae fazr
(@frafead) fh=a anfor gedt WaHadaEls gsaTer= dledi=n o faem (Fkrafead) fhva. & Arfedt g=t
YBIHT ST .

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.

© GITSRETE 32T SrRaquaTaTS! A<t e fenfoe s Mg o

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

« g AT gSTauI=aT faemeaiast ATHIac fhRugTl TR T8l 11107 1 Ueh fSahTof) IR RTg 2], BRI JTIATH]
ST TR BE Disd HIIT A2, ST B3l TETIMTS! IROFAR 1 frenelf e Hiach iz 2redl.

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 1101 G FTedT ST 1Y B, ST TS TAT Jdichs 8T dar] AT Pefd (RISt |,
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.

« T SICTS BRI BT FSTal HIVT A IOISI AAS T FATBTI THS TR DI HIT BRI 3
Guess which part of the Moon’s head will be illuminated, and which part will be dark due to the absence of sunlight
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* AT ST AT 3R BRI DI Yl &1 <is SIO7 Y JeT ST 3Re3 30T T2 UepT WRed XN AN 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 BIVET HTT SoTSTd 31T JATIOT HIOTAT YT HIARITT 3Te5, AT < B
Discuss which part of the Moon is illuminated, and which is not.

« 3T ASTAHT AT ARTER ATATedT SR g 1. ASTIT BV AT TR Bl e AT BV 18!, ATET 3ETST 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.

« ifSr anfdr srTaTR
Full Moon and new Moon
ST BN <5 DIV [SHTUN T YedTaRTes eaciiest (JedTean YiHdhd sresedT faenegiea weT ) wifvrT (fdhar
TR fadies ?
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 Yfidheiies faereareaT S a1 AT es aTo[c3] QRTal edi] 3118 372l dhed T hodl, TR ferearard] uifdr (febar srrare)
ferauarTdl 9% §o sRITgeT ga1? (I ST 33 Sara oot AEwdT 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).

Half Moon
3TEIiE PIUTT TATT 3R ITAT JAGTSH BT ATV AT AT IS Fall Dl

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

TR T BRI B FE AT HeNd e STIAT, Gedawa Uifges d) ST YHIRI W BIel HIerdre! aredr fawdl T
Uc PIE! PIBMTS HHI I [GHAI. STeal dgTdT FebT31d W a1 ST, TSI dardl ga! (waxing of the Moon) FUIIT
SATTOT STegT TGTa UehTIRId W dHI B ST TS FaTal &3 (waning of the Moon ) F8UIAITd. 31T, 3&TST BT 1 eT<aT hered
PIUTT AT T Jeg| Bl e ST DIOTCT FEIT W &1 Ble e ? & Jvo! (A Db] ISavl Hel e WY BRI, el &1 B, 5

TR RN ST TR <IegT Tl &7 BId1. AT H0T UeT FUTIT, ATIOT SHTaIAg o fRerhia
AT FSTel g1 BI. ATHT s Y&l FUTTel.

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).
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Task 2: Analysing a data table
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IhHih

Sr. No.

01

02

03

04

CECIRIGE
Image
of the Moon

Date

18/02/2018

20/02/2018

23/02/2018

24/02/2018

EEERICIGE]

Rise Time

08:02

10:01

12:15

13:07

STl 9

Set Time

20:00

22:39

00:31

01:31

IhHID

Sr. No.

05

06

07

08

CECIRIGEI
Image
of the Moon

INEE]

Date

26/02/2018

28/02/2018

01/03/2018

02/03/2018

CEERIEICE

Rise Time

15:04

17:10

18:12

19:12

EEESIEICE

Set Time

03:32

05:27

06:19

07:08
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I shHih
Sr. No.

09

10

11

12

CECIRISEI
Image
of the Moon

SIGE]

Date

04/03/2018

05/03/2018

07/03/2018

09/03/2018

CEERIEICE]

Rise Time

21:06

22:01

00:13

01:54

ST 9

Set Time

08:36

09:18

12:06

13:29

AT 1 JIATTT ARG SIS IO FSTATedT dab] FSTeaT Eiesedl] Fidl. SbRIIdIes dgTd W1 3107 9 IR
IIITdP @Y [T STIIIITIET 3727 3] ATl

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. &I 2 AL, Uil A YbT=Td faesed! el aTaRad IBIHT 4 (TSTT JAHIR) MMM 5 (FATHRET) HR1.
In Table 2, fill the columns 4 (Moon shape) and 5 (Boundary) using the information given in the first three columns

. e/ ot '
1T IiIE"I”( / /| <R weden wore snftr ERE
: . TS ST (/T i 3 (afedsn/sicem)
g IERAE A% | ARl 9% EERIELMCEIE 151 i
Yy - Boundary of Bright and Dark
Date Moon-rise time | Moon-set time | Moon shape (crescent / half : -
. region of Moon is (convex
/ more than half (gibbous) T )
/ full / not visible) &
18/02/2018 08:02 20:00
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

T 2 fA¥eror aaar
Table 2 Observation Table
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2. JaaTd feosedn AT ot H¥ed ales faeT sRIaR fhdl ga, o |,
Study the table and state if the following statements are true or false.

a. dgTdl TR 4T T84 gafear fazier sl
The bright part of the Moon is always towards the Sun.

b. TSI TSS MO YhTHRIT WIT et AHHT A8Hd 3iddsh T4,

The Moon does not rise at the same time everyday.

d. M= feazl dgiey gid ATel.

The Moon does not rise on a new Moon day.

e. UIRTR=aT go=T faall, GARRTR AR U AT g S,

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

f. STATATRRAT A& feazh, galadred] GAR Ve 14 e =g Sl

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

9. dga el UeRaSHTd (Y Yel/TapTRId GeRasT), AR das] = JATBIRITTd Il
In a waxing fortnight (Shukla Paksha / bright fortnight), the Moon is already in the sky at sunset.

h. g &rITed] YeRSAT (P Y&/ TS YERST), GATGATATE N <ig STDTAT 3R
In a waning fortnight (Krishna Paksha/dark fortnight), the Moon is already in the sky at sunrise.

1. DT BRI DI YT RIS ATE I ST JTHTAT AT AT T TT AT &R T3] ATE <. T ST gt AToT

<5 AT aRa (RIS BRI JATeld. At fp=or ged) anifor <is Aiearar Tt S/didh g M7 TabTe1 AR 3Tell Tee)
TR, TP (AT 2 ALY, GeAT AT <i5s Tl I AT DI SATHo6 GATDBIIN TS eres W ST10T GAUDTI 7 TS 0hed
AT A0 TG Acies. ATBIIRIT T JHATH S UFRTS TS BRI, AT, YT 0T dg AT b [FT SIS UT=AT XYaR
YA JSHTITER 3/1 Ueh BT [MRIeTeh “O” I ERT. AT FRIEThTes] SaTd IV W G2IHT 3RIc) 8 SRGguTATo!
T AT TR Plal.
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.

FATHG 3MTe5es TR fhvom
Parallel rays from the Sun

<R T1 fA¥1eres O 18T FST=l FeaT (A= sirehct! B1v STUfarT 3778
Figure T1 Moon phase for observer O (To be Drawn by student)
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4. JHTT IMPeiTeAT IMER Yeiles SN &l
Based on your diagram, answer the following:

a. RIeT®H TS HITTG &) TS |G 31 2

c. 3ITUU1 3 T, DI <sral A 2 [T, 3178, TR g & gar 7 ). 8. a1 YHUGAR, GeAT 30T

<5 AT AR GAR 23 HHI. . TR TS U] dieodT PHITGTIR YedT TfT e Jie AIuer 1R ATfo7
I3 AU iR T APl DIaT. AT UTg YaTeR [FRIeTes BIvredTe] f[SHTol sRIcdTd T3] Tl Hoil
AR Gl 3T FTshY Bledl Ised $17? ATARN Jrel AeHdd BT 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.

d. IS faasl 9 BIc 3Ries ? JHeaT M, AT SRATHTHIE I BIeT IO ATAT F & 719 1.

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

e. JMEARI SN 5 BIS I ? T eI, AT RAFTHIG e DIQT O ITST N g 1 1.

Where will the Moon be on the new Moon day? In your diagram, mark the position with a circle, and label it as N..
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f. SmTarRRIed {9z gl Q! ISR USa B1?

Will the shadow of Earth fall on the Moon on a new Moon day?

g. JITRTBARI AIRITIAI, Jodit SreiiosT=] dhIcaiedl S (a2 (Hfrafead) b, v 3 7l M Ush G Fierd
T YSHITER, TTS& AT aReT BS ] SHT BRI, AT RN G FRISThTo Ay &1 AR [GHes ?
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?

h. SITRIGIRI qTfEeamym, deTear TRYAUIH feAeiss TeTer= diediwl fawg iR, IR 8T Jde Ue 312 &
P Ug T2 ?
As seen by astronauts, direction of the Moon’s revolution is also anti-clockwise. So is this a waxing fortnight or a
waning fortnight?

i, T ITETE TS BRIes D17
Can you guess this?
() FeTEuT=T SR A, gedl AT T Udhra NG A, IR NMIATST TD GRS d5asvr fadd e,
YMTNE PRI BRI A 34 JFaToT dre ?
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) TR AT f&azh SueaTeT AU S| &7 IR0 .
Do we see a solar eclipse on every new Moon day? Give reasons.



