. The Earth-Moon
Dlstance Questlon

« .Could you potentlaﬂy fit the planets .
Mercury, Venus; ‘l\/lars Juplter Saturn,:.
Uranus and* Neptune jnto the distance
between the Earth and the Moon?

” 11

. Is the answer ‘yes’, "no’, or “sometimes™?



~Here’sa clue

« ‘This'animation‘shows how the moon Wwould
. -appear over the'course of onge orbit of the
. Earth, if.you could observe it continuously



s The'Apswer
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At perigee, the
Moon is closer to
the Earth and looks
slightly larger

At apogee, the
Moon is farther
from the Earth and

looks slightly smaller

Moon’s orbit is elliptical
(greatly exaggerated here)

© °  _Sometimes!




Th e‘.— Planets | To S C'ale

K Addlng the equatorlal dlameters of the planets, - .
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Sometlmes

 Alowing for the radu of the Earth and Moon the gap at
apogee is 397885 km, and the gap\at perigee is 348885

- S0 the planets fit: between -the Earth and the Moon When V.o
"~ the Iatter is at apogee, but ne’t when it is at perlgee ‘.
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‘How Long. IS “Sometimes”?
. Calculatlng the- -angular fractlon of the orblt that the planets

fit Is relatively easy oo
= "= Sum of planetary equatorial drameters =387, 941 km =
— Critical distance, (mcludmg Earth and Moon radii, 8115 km) = 396 056 km

Not to sgale v ’. s MR

a=384,400 km
e=0.055 ‘
r=396,056 km

= Angle from

Perigee = 0
In angular terms,
' tHe planets fit for

about 0.3 of the

Angle from Perigee = 8 = co3'1((a.(l-ez)/er)-(1/e)) =126" | Moon’s orbit



Kepler's-Second Law

- Calculating the time is £
somewhat trickier e

» As specified by Keplers e Moo .
ne Moon sweeps out
Second Law, an imagiary Ilne equal areas in cqual
from the Earth fo the-Moon - . intervals of time
sweeps out:equal areas in
equal intervals of time i
. ’ . | Fastest
»F /3952 km/h
« So the velocity of the Moon —
around the Earth is not constant ,_ I
—the Moon travels faster at Y, i ey
-perigee than at apogee N umem/
' » . : Apogee &
“ Moon




Cal'CUIa'.t'i-n‘g "Sometimes”

« Working in radians. ....we need to know

-

— The Mean Motlon =n= 631 348(a 312) = 2.65x10™° rad/s .

— The Eccentric Anomaly:— E ="cos- 1((e+COS(9))/(1+eCOS(9))) =
2.155 radians 3 ER AT

— The Mean Anomaly ’NI E esin(E) 2.109 radians

— The time taken to get from perlgee to crltlcal point = M/n = 796073
-~ seconds = 9.214 days

— The perlod of the Moon’s orbit = 27.32 days

« Sothe per_centage of time for which the planets fit is:-

“IFit Percentage = (27.32 —(2x9.214)/27.32)*100 = 32.55%



S'ubtlietie‘s.

 The planets.are somewhat oblate, (especially so in the
case of Saturn), so if you turn-them through 90, their 3
-polar diameters only sum. to 364 800 km (about 6% less),

“+* The mean eccentr|c1ty of the I\/Ioon s orbitis O. 055 but
surprisingly, it isn’t coﬂstaﬂf The Earth-Moon distance
varies in accordance WIth thls change in eccentricity
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= The Sun'is'to blame!

- Here.the Sun’s
. gravity tends

"\ -* to make the

\../ - "Moon’s orbit

- more circular

. Here the Sun’s
gravity tends
to make the
Moon’s orbit
more elliptical

Not to scale



- . Conclusion .

The ‘other p}anets W|II fit between
_the Earth and: the Moon for |
32 55% ofihe tlme sometlmes'


https://www.mathsisfun.com/geometry/ellipse.html
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‘The MQOHSOrbIt

Moon &
’ p‘/ Perigee R\\_\
A . ‘ / Fastest R

« Semi-major axis~<38.4 748 km f ReATO ol
. St ;‘ % Earth
. D|stance at perlgee 364 397 km A0 X -
LA 3' .." - The moon travels at fi
LI different speeds i
. Distance at apogee~406 731 km ~ depending upon where
y.' P “ '. . \.\ it is in its orbit. Slowest /,"'

O P R 2,173 mph /

. Mean*eccentrlmty 0. 0549066 . Mo Apogee #

..... S~ M
. ' '.1 ;.,_‘ i e oon

* Mean inclination® of orblt to ecllptic 5 14°
Apogee Perigee

2006-02-13
405,978 km
29.87 arc-mins
Altitude @ 69.17°

2006-09-08
357,210 km
33.89 arc-mins

Altitude @ 45.36°




Causes of lunar libration

Libration is a slow fo.ck'ing back and forth of the,l\/lobh as
viewed from Earth, permitting an observer.t_o. see'slightly
different regions of the surface at different times

- . e a0

The following are the three types of |uh’ér.¢rib.kation:

S N 7., n
Libration in longitude results from: Ilze ecc.entncﬂy of the Moon's
orbit around Earth; the Moon's rOtatlon so'metlmes Ieads and

sometimes lags its orbltal‘poS|t|on .

-»
-

Libration in latitude resu_lts‘ from a slight inclination (about 6.7°)
between the Meon's axis of rotation and the normal to the plane of
its orbit around Earth. Its origin is analogous. to how.the seasons

arise from Earth's.revolution about the Sun

Diurnal libration is a small daily oscillation due to Earth's rotation,
which carries an observer first to one side and then to the other
‘side of the straight line joining Earth's and the Moon's centres,
allowing the observer to look first around one side of the Moon and
then around the other — since the observer is on Earth's surface,
not at its gentre . '



