Vigyan Pratibha Learning Unit Moon and its Shapes

LU 8.15 Moon and its Shapes
g JATOT AT HST

Introduction

M

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.
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Materials: Paper, pencil, eraser, etc.
TlTI%W: AR ﬁ'ﬁl?ff, GlevER STl

Task 1: Role playing activity

it 1: YFAPT ol Fel

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

“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).

AT AR gt FITrec e Q7 AFTST Yeal Hefl’ Forard 3MMfT ST ART dg geaidida fthdl &1
ARG “TGTal Hell’ FUITd. Ml 1 Hed gearel GATHIaci<l befl T a1l gedHiacii<l Hell Srgach!
3. B 3Tel YAV ATEY, It Aiig &1 ([ et Uel JMBRIET WU Seld SrafIs . ava i
3107 geaf} JieaTelies artfaen SfcRTuer U gedi=a ffered Sae JrEfaa 31R).

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°.
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Figure 1: lllustration of the Sun-Earth-Moon orbit
3Mehelt 1: G -gedl - giea werr A

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 IV Ueh WS W3 dT! TSI B3l dacrarl G A0 Gl Jiea] SR dg DIS 3, & T WG
SATI0T FHGA U,

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.

A1 fremedt werc=aor g, geal) ai1for d aiear YT ArhrRdle. gax faenedl Aieuran saraa g $dl
IRBIS e

* Head of the student playing Earth's role represents the planet Earth, and his/her nose is an

imaginary person on Earth’s surface.

gAY Yfirdhd 3RTesedT fqeneat Sl wursl oAl JAfOT Tl AT ISt Yeaiakles Ueb hledi~idh el
LESEI

* 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).
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* 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 qfiddies faeneii= geat onfor =g IR FEl SRR S s, [ Sk gav &M
feremegiten ared 99 arges ifest (garear Yffddies ol faenedi=l =1 31 2T fdhar & caarar fbar

GATR I 0 3h).

* 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.

U&Ies Aifel faIaRId =1, SR ST gedi=a] SR gaTdh g W<l (G2l Jedi=al ward Ude diiges ax 3
oIy 1 dg gedivled gedTeredl dreuiedl Sae (Ffaafcad) faar b, geat gaiHiad gerarer
BTN e fel (dfdafeda) e il gedt WaHadedle gedIarl hleaiedl Iae a3

(afcrafeed) fthed. & wifeet Jrel WadH1 el adl.

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

UGB! &30 ST fuarare! arean YHddies faemfmrd e Mg &

* 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.

gl AT qoguT=aT faermeale FaiHred fhruare) TR 18! 3707 d et fSepTof [RUR I1g 21l
BRUT AMTTS] TG HAEAR B& Dbiad BT 3. d1ed] AT IBUITATS! IROJAR o fqemedi
EEREICRINEASEICNIN

* 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.

GodTd HRAMT A5Td AT YT MO G ATeAT SRR 31 &1, 3T TSTS] JeAIdhS 8] B ATe]
DE RIS .

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

g“'énl SIGTST BRI DI HETHT DIV AT SoTSIdl A T5 AT ﬂiej&lfblél THA AR BIOTAT YT D6 T TS ?

* Now let the Moon take a position such that Earth is between the Moon and the Sun, and all the
three are aligned.
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ST TGTel T 31 BT D1 Gl & d 301 G AT SR AU AT 72T GebT N SIS,

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

CHEIEIURIKINISSEIN 3“%31 fOT SIUTCT YT DTS SINIGR I ==t B

* 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.

AT AT IT-T HFTTER ST Teod] GfPﬂ?IiE;aT. ST BIOTAT YT YhTRId Bls s JATOT BIoTdT AT, T
3IGTST B,
Full Moon and new Moon

TifoTHT 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)?

ST Ded s DI [SHT0fl AT Yeatellss suaiiast (JedT=ar Yi¥hd srdesedT faeneatean Arar
AT IOTAT (e SHTarR) e ?

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).

geeeaT Yfichdles faenmegien Siqareal qriies arofesl TETel Sa] 3Te 3Rf1 Hedl Bbosl, TR ferearndl
GIfSTHT (fam smTaraT) feauamaTe! 9% oI IS &a1? (I A5Td! {21 SefTa |l Heard 37e).

Half Moon
=g

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

3T HIUTRT AT RIS ATAT 3TGTS BT M T gH=dT ficid a1 .

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).

TR =T BT DI A T BeTd [ AT, Jediawad Uifges dx dGTdl GhIR1d W HIel HIBAIST IS5l
fardl 3111 g HrEl Srrard! Sl BT fadl. SiegT dsTn Th1i3rd WHT ared Sidl, TSl darel g1 (waxing
of the Moon) F&UIAITA SMMOT SIegT FgTel JebTRId I HHI BId STl QATS] dardl & (waning of the Moon)
FEUIATA. ST, IGTST BRI DI AGTT HET DHIVIT AT W I Bl AT DIV e I T 8IS S ? &
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Task 2: Analysing a data table

Helt 2: TRATN S faaa fA=3wor

Sr. No.

Image of Moon

EELELEIRRI

01

02

03

04

Date
IRRG

18/02/2018

20/02/2018

23/02/2018

24/02/2018

Rise Time

EEERIEIGE

08:02

10:01

12:15

13:07

Set Time

EEESIEIEE]

20:00

22:39

00:31

01:31

Sr. No.

Image of Moon

EELELEIRRI

05

06

07

08

Date
IRNg

26/02/2018

28/02/2018

01/03/2018

02/03/2018

Rise Time

EEERIEIGE]

15:04

17:10

18:12

19:12

Set Time

EEESIEICE

03:32

05:27

06:19

07:08
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Sr. No.

Image of Moon

EELELEIRRI

09

10

11

12

Date

04/03/2018

05/03/2018

07/03/2018

09/03/2018

Rise Time

EEERIEIGE

21:06

22:01

00:13

01:54

Set Time

EEESIEIEE]

08:36

09:18

12:06

13:29

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

THIAT 1 I TTIT ARG TGS ATT TSI Tides! dgTedT Bdesedt UfaHr. T4 feraiqed, ufym fezn e

AT TR WA AT Y (2T TS BRI <siTal AT AT I ATTAR R Y [T
SR eATIET ¥ 31 2Tl

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

given in the first three columns

1) T 2 ALY, Ife i YT faeslt Anfelt aruRest YT 4 (FSTa STBR) M7 5 (FHARET) UL

Moon shape (crescent / half /| Boundary of Bright and
Moon- Moon- more than half (gibbous) / full / | Dark region of Moon is
Date rise time | set time | not visible throughout night) (convex / concave)
derearE) | derard | ST JMMBR (ISR / qdds / | ISR USSST Ioks AT
Sl I I 3refuer SR (PR / ol / g | Srelg g A (afgdss /
NEENCHIGISIE)) 3fTdeh)
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 03:32
28/02/2018 | 17:10 05:27
01/03/2018 | 18:12 06:19
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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

Table 2: Observation Table

Tt 2: FYeToT Ty

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

2) TR ferosed ATfeaT VI HEH Yol fAe™ SRIaR &l g, o |
a) The bright part of the Moon is always towards the Sun.

a) TSTaT YT AN A8 4] YATHS 3.

b) The boundary of dark and bright part of the Moon is always concave.

b) TSTAT TS ITIOT YehTITc WM ATl AT I SicTdsh 37

c) The Moon does not rise at the same time everyday.

¢) TS SRS UhTd Je8 STad ATel.

d) The Moon does not rise on a new Moon day.

d) SR (g2l Tgied §Id el

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

e) UIftrr=T g1 fae=ll YRR GHAR Tob AT e Sl

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

f) ST T e feazh Gatarear AR Vs d1d S =g Sl

g) In a waxing fortnight (Shukla Paksha/bright fortnight), the Moon is already in the sky at sunset.

9) 5gs <1 GERTSAT (I UeT), T AT dodl DT Al

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

h) TSETITT YIRS (P01 UaY), <5 GATG AT ATehT2ITel el
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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
“0” 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.

3) DU BRI DI JATI0T IR BT MO SAhTIT T AT T TSR ST GeAT 3107 2/
Iid FAR1ET0T BRI MBI, 3P 2 e, JITT fBRor gl M1fr < Jiegrar Fore] U=l Srdidg 3T
qBTHT FHIAR N3N TS| 3MM2d. IT JATheiid, TR AT YAl 311 o5 BIel SR JATDIRT TSsdl I
31T 1 TS 53T W d¥Tes g AUciles. AT TR GAUDTRT TSyel 8! ol AT A= 1. 31T, G
3T < AT BT SISUIRIT YR YedieR b el FRIed ‘0’ eid &-1. dgrdl Bl Wi ‘O’
fRleTpTaT foles, § SRIfAuaTars! Ty AT g BIal.

Parallel rays from the Sun
_—-

-

Figure 2: Moon phase for observer O (To be drawn by the student)

el 2: O FRIGTHTAT ST daT=dl Bosd o dIel

4) Based on your diagram, answer the following:

4) AT MG IR Yo I =T:
a) Is the observer in the bright part or the dark part?

a) FRIErd 1Y 391 318 T IOl ATE Bl BT T2 ?

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

b) FRIETHT YT ATIHTOT, TG T fehell WIRT UehTIR1d 312 (TeTUET ¥l / TegTUel SR ) ?
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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) 3ITIUT I AT, BT T5T1 T 2 i), 3fTe. AR g Iy GAR 7 (. 8IS, I1 YHTOMAR, gl
3T =i AT AR GHAR 23 I, 3. Teb DIRT BTG B YT AT <5 JiedTeiles Jfar AT i
HIUeT DR T IRIIURT 3Pl BIel. AT UIg Jealar DIvre! fShrol Flerds Seard e
AT B3] AREATH (SIS, T Thy BT IS BI1? IMPHAATS! PTBT A4 JMHRTAT HITE aTIRT.

Figure 3 3ﬂqv_¢ﬁ 3
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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.

d) YR feazh g% i 3 ? THeaT T, TSN RATATHIE 9o BIQT 30T RATHT F & 19 =1,

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) SHTITRIET feall g BIc 3 ? AT AT, T WITATHIE T Dbl TN TTAT N B 1 1.

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

f) STHTARI=T a1 Yedi=ll Aaeh! TGTaR IS Bl ?

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) RIS YISTIHATU, Yol Wi el TedTered] hIediedl Iae Qi fhRd. ua 3 H&, 377l

U GORT RIS gedi=g] YHITER, BIalEred] aved] hsel SHI BRI, 33N AT ga=a1 FRleTdTal
galey fade o) gIra fede ?
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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) SERIGATHIAT TIIETIATY, 5T IRFAUCHIS TSR] SIS [d%g 8. aX 79 8T 3 U
3ICH 1 T UeT 3T ?

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?

) SSUBUTAT Jodl U, YT 3101 ds; YebTal NN YT, IR ATTATS] T UIVHST Fsdgvl faad el
IS BRUT BT I 3™ el dIed ?

j) Do we see a solar eclipse on every new Moon day? Give reason.

j) T TR faasfl qearest AUEl favad 617? B |
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