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(39) And the moon - We have determined for it phases, until it returns
[appearing] like the old date stalk.
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Concerning the lunar_month as viewed

from Earth, the lunar phase or Moon
phase is the shape of the Moon's directly
sunlit portion, which can be expressed
quantitatively using areas or angles or
described the

qualitatively  using

terminology of new moon, waxing
crescent, first quarter, waxing gibbous, full
moon, waning gibbous, last quarter and
waning crescent.

The lunar phases gradually change over a
synodic month (29.530588 days ; is the
time between conjunctions: a conjunction

occurs when two astronomical objects or

spacecraft have either the same right

ascension or the same ecliptic longitude,

usually as observed from Earth.[2! ) as the
Moon's orbital positions around Earth and
Earth around the Sun shift. The visible side
of the moon is variously sunlit, depending
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Thus, this face's sunlit portion can vary [11121
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Northern ( ) Southern
(https://en.wikipedia.org/wiki/Lunar_phase )

(https://upload.wikimedia.org/wikipedia/commons/e/e3/Phases_of_the_Moon.png )

Synchronous rotation (cx! sl o) sll)

The Moon keeps the same face to us, this only happens because the Moon

rotates at the same rate as its orbital motion, a special case of tidal locking

called synchronous rotation. (°)
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Simulated views of the Moon over one
month,  demonstrating librations

in latitude and longitude. Also visible

are the different phases, and the
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variation in visual size caused by the

variable distance from Earth.(7)
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The Length of the Lunar Cycle (%)
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The notion "lunar month™ refers to a | JalS jlae ) s sl Heldl™ o se8a
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Sun. This is the time from one new
Moon to the next, which is called
synodic period of the Moon. The
synodic period varies significantly;

the mean length of the lunation of

length of a lunation today can vary |19 s\ 29) 5 (38232 5 =lelu 6 5
between 29 days, 6 hours, 32 minutes | S 4l sl & (Aaéy 59 5 delu
and 29 days, 19 hours and 59 minutes. | <os~ il i ¢ ST DAy
In former times the variation was | .0Vl e e Lo jlaa CaDiaY) mads
greater, in the future it will further | jadl o3, Ll o) s iy

decline. The reason is that the () .l 55 e e (i i Y)
eccentricity of Earth's orbit declines | jy. Johal 5aill 350 0 sSi Lasale ¢ o sl

with time. O el Ul cpods e 8l

® Currently, Earth’s eccentricity is very slowly decreasing and is approaching its least
elliptic (most circular), in a cycle that spans about 100,000 years.
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Today, lunations are usually longer | (» JAY) el PA axle o Lea s )
from October to April than during the Akl

other half of the year.

Lunar Month Length in Days
Anomalistic (*°) 27.554
Draconic (*!) 27.212
Sidereal (*?) 27.321
Synodic 29.53059
Y 5 il el

10 The Moon's orbit approximates an ellipse rather than a circle. However, the orientation
(as well as the shape) of this orbit is not fixed. In particular, the position of the extreme
points, the major axis connecting the apsides (perigee (point at which Moon is closest to
Earth) and apogee (Moon farthest from Earth)) rotates once (apsidal precession) in about
3,233 days (8.85 solar years). It takes the Moon longer to return to the same apsis because
it has moved ahead during one revolution. This longer period is called the anomalistic
(3L&) month and has an average length of 27.554551 days (27 d 13 h 18 min 33.2 s). The
apparent diameter of the Moon varies with this period, so this type has some relevance for
the prediction of eclipses (see Saros), whose extent, duration, and appearance (whether
total or annular) depend on the exact apparent diameter of the Moon. The apparent diameter
of the full moon varies with the full moon cycle, which is the beat period of the synodic
and anomalistic month, as well as the period after which the apsides point to the Sun again.
An anomalistic month is longer than a sidereal month because the perigee moves in the
same direction as the Moon is orbiting the Earth, one revolution in nine years. Therefore,
the Moon takes a little longer to return to perigee than to return to the same star.

1 Draconic month: A period of time between two consecutive passages of the Moon
through the same orbital node. The draconic month is shorter than the sidereal month,
due to precession of the Moon's orbit. It equals approximately 27 days 5 hours 5 minutes
35.8 seconds

12 The sidereal month is the time the Moon takes to complete one full revolution around
the Earth with respect to the background stars. However, because the Earth is constantly
moving along its orbit about the Sun, the Moon must travel slightly more than 360° to get
from one new moon to the next.
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Figure 2 : The Moon & Earth must move together for an extra
2.2 days to re-align with the Sun.( http://www.astronomy.ohio-
state.edu/~pogge/Ast161/Unit2/phases.html#lunation)

http://individual.utoronto.ca/kalendis/lunar/index.htm#cmni

One could properly describe the lunar conjunction as the moment when the centers
of Sun, Moon, and Earth, in that order, are all in the plane that is perpendicular to
the plane of Earth's orbit (the ecliptic plane)
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131t is customary to specify positions of celestial bodies with respect to the vernal equinox.
Because of Earth's precession of the equinoxes, this point moves back slowly along the
ecliptic. Therefore, it takes the Moon less time to return to an ecliptic longitude of 0° than
to the same point amid the fixed stars: 27.321582 days (27 d 7 h 43 min 4.7 s). This slightly
shorter period is known as tropical month

14 The ecliptic is the apparent path of the Sun throughout the course of a year
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As seen from the orbiting Earth, the Sun appears to move with respect to the fixed stars,
and the ecliptic is the yearly path the Sun follows on the celestial sphere. This process
repeats itself in a cycle lasting a little over 365 days. (*°)

Lunar Month Length in Days
Anomalistic 27.554
Draconic 27.212
Sidereal 27.321
Synodic 29.53059

)Y (5 paill el
Tropical 27.321

el (5 yaill el

) (Al 1154880 435 lelu 75 Las 27) Leine dpia 3 358 & ()Y Jsa el 5y
(Tropical) asill syl Hellls (o yaiduia 315 il o2 g He(a sall Eli 5 La 52 27) Ly 80
5 ye OB yalll Demy Y ocad ol el e (e 2lab) At ) Baall sda clialll axy (Sl
psall (8 adaty il o Larg e )3 27 (M gm el it 38 () 65 (Y1 G Al g A
& e B e e SISV gling el (8 cJaall  As 50 13,17 e aal )
Synodic ) i EY! s el et dse sl saall - dawgie - Jiae G G ol EY)

Ay AY Jedi e s3all oda i Cus ¢ (5335488344 542 125 L2 29 (Month

15 https://en.wikipedia.org/wiki/File:Ecliptic with earth and sun animation.qif
11



https://en.wikipedia.org/wiki/Earth
https://en.wikipedia.org/wiki/Sun
https://en.wikipedia.org/wiki/Diurnal_motion
https://en.wikipedia.org/wiki/Fixed_stars
http://en.wikipedia.org/wiki/Ecliptic
https://en.wikipedia.org/wiki/Celestial_sphere
https://en.wikipedia.org/wiki/Tropical_year
https://ar.wikipedia.org/wiki/%D8%B4%D9%87%D8%B1_%D9%82%D9%85%D8%B1%D9%8A#cite_note-%D8%A7%D9%84%D8%B4%D9%87%D8%B1_%D8%A7%D9%84%D9%82%D9%85%D8%B1%D9%8A_-_%D8%B9%D8%A7%D8%AF%D9%84_%D9%8A%D9%88%D8%B3%D9%81_%D8%A7%D9%84%D9%85%D8%B1%D8%B2%D9%88%D9%82_-_%D8%A7%D9%84%D8%AB%D9%84%D8%A7%D8%AB%D8%A7%D8%A1_22_%D8%AF%D9%8A%D8%B3%D9%85%D8%
https://en.wikipedia.org/wiki/File:Ecliptic_with_earth_and_sun_animation.gif

oY) s de s iy e Jm adl g0 (A el A it Jie Jal se 320 o
(20, yill (5 shand) (imyall i s (M JSEN) il e pal i ol Jsa

Celestial body

True anomaly v

Argument of pgriapsis

— .y

Reference
direction

Longitude of ascending node

p!ane
Dfr‘"f‘-"’Ehce
Inclination
£3

Ascending node

(il isially A5 sacloall siell Laa Jaadl 13 g " siall i (o siondl) otic adaliy (530

()

dadia & Guadl) a8 ge ) A guie (oY) Jon alll 550 4y LB (5 yadll jedl) (o yry
dss om0V e il ys0g ¥l Jon ailll ol 550 Led Jay Baira 550 A5 celaull
S ja e lld (358 Lag 6 yaall K 50 J o Apnadl) de ganall 3l il B pa s (el

16 https://ar.wikipedia.org/wiki/i ) 3aic

12


https://ar.wikipedia.org/wiki/%D8%B4%D9%87%D8%B1_%D9%82%D9%85%D8%B1%D9%8A#cite_note-%D9%85%D8%B1%D9%83%D8%B2_%D9%82%D8%B7%D8%B1_%D9%84%D8%B9%D9%84%D9%88%D9%85_%D8%A7%D9%84%D9%81%D8%B6%D8%A7%D8%A1_%D9%88%D8%A7%D9%84%D9%81%D9%84%D9%83_-_%D8%A7%D9%84%D8%B4%D9%87%D8%B1_%D8%A7%D9%84%D9%82%D9%85%D8%B1%D9%8A-2
https://ar.wikipedia.org/wiki/%D9%85%D8%B3%D8%AA%D9%88%D9%89_%D9%85%D8%B1%D8%AC%D8%B9%D9%8A
https://ar.wikipedia.org/wiki/%20عقدة_مدارية

apsidal precession (17): Each planet orbiting the Sun follows an elliptic orbit that
gradually rotates over time (apsidal precession).

apsidal precession: Each planet orbiting the Sun follows an elliptic orbit that gradually
rotates over time (apsidal precession)

https://en.wikipedia.org/wiki/File:Precessing_Kepler_orbit 280frames _€0.6_small
er.gif
https://upload.wikimedia.org/wikipedia/commons/8/89/Precessing_Kepler_orbit 280f
rames_e0.6_smaller.gif
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17 https://upload.wikimedia.org/wikipedia/commons/9/92/Perihelion_precession.svg
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Short-Term Periodic Variations of
the Lunar Cycle (*8)

In the present era the median (*°)
length of the lunar cycle is about 29d
12h 30m, the average (MSM: mean
synodic month) is slightly more than
29d 12h 44m, the shortest lunations
are about 29d 6h 30m, and the longest
are about 29d 20h. Thus the length
of the synodic month varies over a
range spanning about 13h 30m.
These variations were greater in the
past and will diminish in the future:
The longest lunar cycles occur when
Moon is moving slowest (near
apogee) and Earth is moving fastest
(near perihelion).

The shortest lunar cycles occur when
Moon is moving fastest (near
perigee) and Earth is moving slowest
(near aphelion).

The declining mean Earth orbital

eccentricity tends to reduce the range

of lunar cycle variations.
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5530 Jsha Jows sie il ¢ sl juamall 8
A28 30 sadclu 12 Lasa29 s 4y padll
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gl gl Joha caling 1Say dela
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The average lunar cycle (mean
synodic month) has miniscule long-
term change compared to short-term

periodic variations.

3»._..1‘))35\ t_m\)n_\lb MJ\A.A d.ajjal\ L;A.d\
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Tage

v

29.2
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12.4 17.6 19.6
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Figure 4: The figure shows the length
of 235 lunations starting with February
2001 BC. This timespan equals a so

called Metonic cycle of 19 years. After

one Metonic cycle, the same lunar phase

repeats on the same day of the calendar

Liad | e 235 Jshb S a5y 14 JSAN)
Sl i D) Jd 2001 s o ey
aul)) Osie b5 (camn Lo sslad Al
Ledshs (Meton (2L sall Al ga 5 LealiSa

i S (Baal g A gie 390 22 Lle 19

18 http://individual.utoronto.ca/kalendis/lunar/index.htm#cmni

19 the median is the value separating the higher half from the lower half of a data sample,

a population, or a probability distribution. F
middle" value.

or a data set, it may be thought of as “the
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(The recurrence is not perfect, and by
precise observation the Metonic cycle

defined as 235 synodic months is just 2

hours, 4 minutes and 58 seconds longer

than 19 tropical (solar) years.). Red

triangles mark instances when a lunar
month of 29 days repeats four times;
green triangles those instances when a
lunar month of 30 days repeats five
times. From this figure it is obvious that
such accumulations occur close to each
other in time. The first occurrence of
four lunar months with 29 days in a row
in this plot lasted from February until
May 1986 BC, followed by five lunar
months with 30 days in a row from
August until December 1986 BC. Then
again, from February until May 1985
BC, occurred four lunar months with 29

days in a row.

359) pastill e el a8 4 yadl) Al )
Ll 8 Ly e ) 565235 Ll (e 48 jaall () 5iaa
(e Jshal 406 58 5 3184 sdcln D Laad a
ool peall Gl jds (Aaeed 3w 19
20 e sl el g ) Sh Sl Yl
o) padll Gl (Aaliie) e aa )l Loy
3l (5 padll Hedll Lgd Sy Al Y el
O ey ¢ JSAN 138 (e & e e L2 30)
Ul Leany (e o il chan culaS) il o2a
Y s Jsl el onliall gl A
138 A il e Lasa 29 Jsha & a8 el
¢ Blall 8 1986 sile (S ) i e JSAN
Slo Lo 30 Jshy &y a8 el el Ll
B 1986 _newsd s pubnel Ga sl
sibe n b Ge ¢ AT Boe A8 L)
Aoy el Ayl cias ¢ DGl U 1985

sl e o5y 29 J s

SOLEX Lunar Cycle Duration minus Mean Synodic Month (atomic
time) versus Lunation Number relative to Zero = January 6, 2000
AD at 14:20:44TT
(o b gill) () 8Y) sgdill Jan gia Lgia Lo g laa SOLEX 43l 35 gal) B2
14:20:44 TTaslull 2 2000 1l 6 = Jiall dua (g palll jgdd) o8 Jilia
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Short-term periodic variability repeats | e (saall juad (o)l lall ) S

at intervals of about 412 days (almost 14
lunar months), due to lunar orbital
perigee advance. The maximum positive
peaks occur when Earth is near
perihelion (moving fastest) and Moon is
near apogee (moving slowest). The
maximum negative peaks occur when
Earth is near aphelion (moving slowest)
and Moon is near perigee (moving

fastest).
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The next chart takes a closer view at
the periodic variations by zooming into
+333 lunations relative to the January
2000 epoch (%):

Sle daald s lay ) bl aw ) L
Sle Sl DA e dpsall eyl
GG oS dga ) Ll | e +333

. 2000_x%

20 http://individual.utoronto.ca/kalendis/lunar/index.htm#cmni
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Medium-term periodic variability repeats at
intervals of almost 9 years or about 111
lunar months, and is the time required for
the
eastward 360° with respect to the Earth
Through

millennia, as Earth orbital eccentricity

lunar orbital perigee to advance

orbital  perihelion. future
decreases, peaks will converge toward

intermediate heights.
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The variations range over £14 hours, a span of 28 hours, more than double the
actual short-term variations of the lunar cycle! This is due to Earth's eccentric
orbit, which causes several short lunations then several long lunations to occur in

alternating 7-lunation series, thus accumulating larger deviations relative to our
constant interval estimate. These series will be clearly evident in the next two charts.
The next chart takes a closer view at the periodic variations by zooming into £333

lunations relative to the J2000 epoch:
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The next chart takes an even closer view at the periodic variations by zooming into
+70 lunations relative to the J2000 epoch. It shows the difference (hours) between the
actual lunar conjunction and our constant interval estimate (fixed lunar calendar, black
line with "x" symbols), and for comparison also shows the difference between the
actual length of each lunar cycle and the mean synodic month (blue line with solid
dots):

+15
+- New Moon minus Constant Interval Estimate T -
+12 . . ) +qp i
«— Lunar Cycle Duration minus Mean Synodic Month + ++

40 g ++ 1 =

;
[=1
F,
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.
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+
“*
il

Difference (hours)
[=
]
-

70
BLE
T
=43
-42
=35

+
+14
+21

2
+42
+4%
+E&
+E3
+70

Periodic Earth-Moon Distance Variations

The following chart shows the variation in Earth-Moon distance over 3 present-era
years, with the distances at syzygy events (=2 &laal) (lunar phase 0° with Earth-
Moon-Sun approximately aligned at lunar conjunctions = New Moon, or lunar phase
180° with Moon-Earth-Sun approximately aligned at lunar oppositions = Full Moon)
highlighted with colored symbols and dashed curves. Click here or on the chart to
open a high-resolution PDF version (which also includes the next 2 charts). The y-axis
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shows the lunar distance in millions of meters and the x-axis shows the Gregorian date
in YYYY-MM-DD format, with a major tick-mark interval of 59 days (close to 2
lunar cycles) and minor tick-mark interval of 14.75 days (close to one half lunar
cycle). Keep in mind that currently Earth passes perihelion (closest to Sun) on January
3rd or 4th, and passes aphelion (furthest from Sun) on July 4th or 5th,

Lunar Daily and Syzygy Distances
Daily — — - Furthest - @~ Conjunction (New Moon) © - Opposition {Full Moon) ~ ======- Closest

o T AT T | ',_-"W_ﬁﬂ_._"_T_qﬁ_"?fﬂ_______T_T ________________
bR e e R ||n||||l |
] I‘I T 11 i \‘ﬂ \‘\ | “ || ‘|| F I‘

3 ‘.\1 ‘

|
HATHHHE |
il
I

Lunar Distance (x 10f metres)

2017-03-01 A
2017-04-29
2017-06-27 A
2017-08-25 A
2017-10-23 A
2017-12-21 A
2018-02-18 A
2018-04-18 A
2018-06-16 A
2018-08-14 -
2018-10-12 A
2018-12-10 A
2019-02-07 A
2019-04-07
2019-06-05 A
2019-08-03 A
2019-10-01 4
2019-11-29 A

2017-01-01

Following graph shows Long-term periodic variability repeats at intervals of
about 184 years (almost 2277 lunar months), and is the time required for the
lunar orbital nodes to regress westward 180° with respect to the Earth orbital
perihelion. Pattern denser at £3h, when Moon is between perigee and apogee,
twice per lunation, but other points more uniformly spread. Analysis by Dr. Irv
Bromberg University of Toronto, Canada http://www.sym454.org/lunar/ by
Lunation Number relative to Zero = January 6, 2000 AD at 14:20:44 TT S
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Following graph shows Long-term periodic variability repeats at intervals of
about 184 years (almost 2277 lunar months), and is the time required for the
lunar orbital nodes to regress westward 180° with respect to the Earth orbital
perihelion.
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The variations range over about 7 hours, a span of about 14 hours! The next chart
takes a closer view at the periodic variations by zooming into +333 lunations relative
to the J2000 epoch:
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https://www.youtube.com/watch?v=D0sSsOzhY8Q
https://www.youtube.com/watch?v=IR6Jp42n0ODk&ab channel=NationalOceanographyCentre
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The following chart, adapted from a similar chart received from Jonathan Jay
of Hawaii, is a histogram of the durations (rounded to the nearest minute) of
more than 60000 lunar cycles over a 5000-year period, showing that the lesser
peaks are indeed the most common. The most common durations are at 29d
11h Om and 10h 52m, with lots of nearby similarly high frequency durations,
and the secondarily most common durations are at 29d 15h 11m and 15h 16m,
again with lots of nearby similarly high frequency durations.
29 0o s adl) Ledl) Jsh L 3y 3 (Al A 511 Dl SN Gl ) S saad (Sl ey 58 U Shall s )
ol st oy Las ¢ ale 5000 Llae e &y 55552 60,000 0o SSY <lld 5 (Adds o g ) 4 jie) Loy
SN ge < 10 52m 529d 11h OM & o lesed SV el Lo sl JSYI Jadlly oo JEY) ol
15h 529d 15h 11m & 56 U< e sui ASYI ol yiall 5 ¢ dguliniall Ay jall  Madl aa il ) 58 cpa
Alilaall g 3l Mad) 2o gl ) 58 e S xa (5313 50 <16M

Lunar Cycle Durations (rounded to the minute) from 2000 BC through 3000 AD
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Constant Interval New Moon Estimate (%):

To compute the fixed day number of | ¢ masll jadll paesl Gyl o gall 28 ) Glad
the New Moon estimate, relative to | «ud ¢ill ¢us (¢ J2000.0 ) Al
J2000.0, in terms of Terrestrial (TT): Y
Time (TT):

New Moon Estimate TT (Lunation) = Mean New Moon TT J2000 +
MSM_TT _J2000 x Lunation + J2000

Where Lunation is the lunation number relative to zero = January 6, 2000 AD, and

the following are constants:

Mean New Moon TT_J2000 =5 - Y/, + /o4 + 21440 + **/gg400 = 5.097732

(The Y/, day is only deducted so that the time components can refer to midnight
instead of noon.)

When this value is added to J2000 as above it represents the epoch mean lunar
conjunction moment on January 6, 2000 at 14:20:44 TT.

MSM_TT _J2000 = 29 + *2/54 + %1440 + (2+'I5) / 86400 = 29.5305888

Fractional Lunation values of 0, 0.25, 0.5, and 0.75 refer to the Mean New Moon,

Mean 1st Quarter, Mean Full Moon, and Mean 3rd Quarter, respectively.

The Mean New Moon Moment (%3):

22 http://individual.utoronto.ca/kalendis/lunar/index.htm#cmni
http://individual.utoronto.ca/kalendis/lunar/index.htm#cmni 23
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Mean New Moon Moment in Terrestrial Time:

NewMoonAdjustTT( L ) = 3.5962433E-22 L* — 7.799103E-17 L® + 1.005115E-10
L2+ 2.867010E-08 L + 8.945687E-05

NewMoonAdjustTT(L ) = { [ (3.5962433E-22 L — 7.799103E-17) L + 1.005115E-
10] L + 2.867010E-08} L + 8.945687E-05

MeanNewMoonTT( L ) = NewMoonEstimate( L ) + NewMoonAdjustTT( L)

where L is the lunation number relative to J2000.
This polynomial and the others presented on here are valid over the range of
lunation number: -100500 to 123500 (11737 4 el diud).
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bual) clleall el Jlad)s aladl skl Sach 1a)) Teae & il (et s 23aY)
Sy Al Cams g g Aalall 435,11 ) st a8 A8 sl s 5 Gl o aladiy Apaaall
Lialaie | & Jladl LS Ay jall ) sell Aylay i) b salaie ) 5 (S ) ) litela) Lgas
el apestil ol slaie ) o g LeS Loy )1 o 3Dl <l ga aanil il
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.( Optical or visible spectrum ) ( & _r=
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See: to perceive by means of computer vision.
See: to scan or view, especially by electronic means:
The satellite can see the entire southern half of the country.

to perceive (things) mentally; discern; understand:to see the point of an

argument.
to construct a mental image of; visualize:He still saw his father as he was 25

years ago.
J (a Jaxiona 3 3 93 3 Lagia S ¢ (See) s 5ala) Ledal a g (s (Al Al &)
ookl O (ghial) (e (UL Agilidall) il sal) (3] J (a9 sl gl sl
Jlala ond) Lgdal e Ay Lady ¢ Lgpadiica g L gald y ghaty 4 ulaniy) dalS))
psal gt Aot A2 Aol Ay )

* An _lIslamic calendar: An attempt to unify Muslims on a scientifically

calculated worldwide calendar was adopted by both the Figh Council of
North America and the European Council for Fatwa and Research in 2007.

The new calculation requires that conjunction (&%) must occur before

sunset in Mecca, Saudi Arabia, and that, in the same evening, moonset

must take place after sunset
Coadly Phel) Baaliia a0 ol O g i g oBEY 13 e (33 (AN Ay 0 JAY) G gy Alad
Y aslind) 4 (Gaaa g ¢ pu gl Axl) yiat La 130 g
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A more reliable record was achieved by
Stephen James O’Meara in May 1990;
he saw the young crescent with the
unaided eye 15 hours and 32 minutes
after new moon. The record for
youngest moon spotted with the eye
using an optical aidpassed to Mohsen
Mirsaeed in 2002, who saw the moon 11
hours and 40 minutes after new moon.

(http://earthsky.org/astronomy-

essentials/young-moon-visibility).
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Moon formation

The Moon is thought to have formed about 40 million years after the start of
the Solar System from debris placed into orbit about the Earth when it
collided with a Mars-sized planetary embryo. A substantial fraction of the
Earth's mass is thought to have been accreted via large impacts, so requiring
such a cataclysmic event to form the Moon is in principle not a problem,
though only a small fraction of giant impacts would lead to the formation of a
satellite with the properties of the Moon. Another puzzle is why the Moon has
such a similar composition to the Earth - this is not an obvious consequence
of the giant impact theory. The time scale for lunar formation, along with
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other time scales such as that for asteroids to become large enough to
differentiate, is derived by applying radionuclide chronometers to samples of
rock. Such cosmochemistry evidence is becoming increasingly important, and
provides a growing number of constraints on the formation of the early Solar
System. Planets typically acquire mass from a range of distances within a
protoplanetary disk, although the mixture is different for each object, leading
to a unique chemical composition. It is likely that Earth acquired most of its
water and other volatile materials from relatively cold regions of the Sun's

protoplanetary disk such as the asteroid belt.
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The varying orbital speed of the material

eventually causes it to form a ring.
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