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NEWTON'S SHELL THEOREM AND HOLLOW SHELL scmcs

A sphenically symmetiic shell exents gero net
gravitational force on any panticle located
anywhene inoside it

Why?

Each mass element of the shell attracts the
panticle, but by spherical symmetny, fovces from
oppoaing patches cancel out exactly due to thein

vectot hatu/ie

NOTE: This holds only inside a spherical shell—
not outside or near its surface
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Though each mass element pulls on the particle, the
perfect symmetry ensures a perfect cancellation —
weaker forces from far-off areas are compensated by
their abundance, and stronger nearby ones are few
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FORCE INSIDE A SOLID SPHERE € SHM SciencE
Considern a capoule at a distance n from Farnths center,
inaide a tunnel.

Only the Mi within nadius r contributes to 't the
o%mmmm%w(@gwfmm)w
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© F= GamsMare/eR®@  only true for a uniform
density Earth.

o k=GmM/R?
o the minus sign shows | i dinected towand the center,
oppoMNg 1t
[his io mathematically identical to +ookes [aw, oo the
@%WWWW&%E&%W.
A full cacillation (South-to-Nowth-to-South) takes about §4
minutes, 80 a one-way up io ~42 minutes
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REAL VS. IDEAL EARTH

Ideal Earth
Earth La (Unif Ll Explanation / Not
er niform anation f Notes
v : (PREM-based) P
Density)
Mo enclosed mass - No gravitational
Center F=0 F=0
pull at the very center.
Higher density leads to a stronger pull
Inner Core Foor F increases slightly & : ‘-"5" : &5TP
than ideal at similar depth.
F reaches maximum, |Denserouter core causes a gravitational
Cuter Core FXr . _
then starts declining  |peak before decline.
Density decreases slightly; still
Lower Mantle |[Focr F declines gradually  |contributing to stronger gravity than
upper layers.
Gravity starts to level |Slight local dip just below the crust due
Upper Mantle |Focr

out to compositional transitions.
e Surface gravity is the reference value
rus
F=maximum |F=maximum (9.8 m/s?), includes Earth’s rotation

(Surface)

effects.

Mewton’s law applies outside any
Above Surface |F o< 1/r° Foo1frt spherically symmetric mass — falls off

quadratically.
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In the real Earth, gravity doesn't decrease linearly — it
changes due to density variations, it peaks slightly below
surface due to mass distribution and eventually drops to
zero at the center
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TRAVEL TIME BETWEEN 2 POINTS

]. A particle in a tunnel through Farnth's diameter
oacillates about the centern — like a mass on a spring.

9. Tnavel time the diameter of Farth (South Pole
to Nonth Potle) = 2LD minuteos.

3. The same 4 2-minute travel time applies to tuaight
tunnel (not just the diameter), as long as Ltqzwiy/zﬁ‘;&ug,h a
unifoun Farth.

. Reanon:

o [naide a unifoumly dense Farth, gravity decreases
' gwbthdwt%/weyzwnmemm%[oc/z),&éea
opIUNg.

o [his creates Simple Havmonic Motion, with a fixed
time period detemined only by Fanth's density.

° [n any straight tunnel—whether through the center
on a slanted chowd—the nestoing force atill pulls

towa/ud. the center. All straight tunnels thfough Earth act like S.H.M. tracks,
with the same oscillation period regardless of orientation.
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KEY FORMULAS & EQUATIONS
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Fquation When to (Joe Noteo
e " ot il to M irn éi;nawwMiwcomct[gca[cu[atedM/L<
uon m = maab of obgect
F=(GmM/R})r o | Valid unden uniform density
Fo_Kr SUWM#QL&MWMé#M4&%WW0L /W&WMthﬂﬂme%ﬂwfduh

T (period) = 21t V(R/g)

diameten

Gives ~84-min nound-tnip (~4f 28min
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COMMON MISCONCEPTIONS &
CORRECT EXPLANATIONS
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m Misconception 7: More mass always means strongern gravity - [hat i, deepenr

inaide Fanth, gravity always increases due to more ovenlying mass.

C lanification: [he outen ahells o Fanth have no net grauvitational effect inaide
them (by Shell Theovem). [he only mass that matters io the mass enclosed within
youn cunent nadiws — and that mass actually gets amallen as you mouve deepen.

That's uf/bg gravity decreased Lmea/wg towand the centern.

But what about increasing density of the Fanths Core?

o Ve, densitylincrneases into the lowen mantle and cove—but according to
Newton's ahell theorem, only the massd within nadiws®n pulls on you.

o Duten layens cancel out. Ao you deacend, you actually peel away outer mass,
20 the net grnauvitational force decreases, not increased.
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m Misconception 2. Gravity at the center of the Fanth io maximal (due to all

suounding mass)

4 Clanification:

o [f the Eanth wenre of unifoum density, gravity would decrease linearly as you move
towands the centen, becoming zeno at the veny centen.

o [n the more nealistic model, gravity might fluctuate alightly due to vanying densities

of the layens, but it still approaches zeno at the centenr.

[he neason is that once you are inoide the Fanth -
o [he gravitational pull from the maso outside your cuvient position cancels out
(Shell [heorem)
° ...therefore you ane only pulled by the mass indide youn cuvient nadiub.
o Ao you get closen to the centen, there's less and leas mavs "inside” you to pull you
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m Misconception 3 : Within a hollow spherical shell, gravity i strvong near the walls

Clanification: [naide a hollow, unifovm shell, gravity equals zero everywhere—not
Juot at centen. /A— you move closen to one side, that side’s pull is offoet by more mass on
the other—which canceld ghavity anywhere inside

m Misconception 4 : An object dropped into a tunnel in farth would stop at the centenr.

Clarification. Due to the linear nelationship between gravitational force and distance

prom the center (F = -kn, in an ideal unifovm Farth), the object would undergo Simple
Hanmonic Motion (SHM).

o [t would oocillate back and forth through the center, much like a mass on a spring,

continuoudly moving between the two poles (o any two points on the swrface if the tunnel
(o alanted.).

o [t would cmég atop 1;,{— ail nesistance o othen nesibtive (fomoeo wene present.
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m Misconception 5: [he Shell [heorem implies that once you'ne inside Fanrth,

thene's no gnavity at all.

Clanification: [he Shell [heorem states that a sphenical shell of uniform

den/ai,tg exentd no net g//ba,uéba/éwna/é [fc)/we on a panticle inaide it.

° [his doean't mean thene's no gnavity at all once you entern the Fanrth.

° [t means the gravitational effect of the mass abouve you (the "ahell” of Lanth's
matenial ouwtside youn current nadius ) cancels out.

o You ane atill pulled by all the maso that io inaide youn current nadiuws,

eﬁeatbuaég tneating that innen masd ab (L(f it wene concentrated at the centen
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m Misconception 6: [he "gravity train” concept is only for tunnels going

strnaight through the centen (time taken to thavle io 42 min.)

Clanification: [hio 42-minute trhavel time through a tunnel from Novth to
South pole io the same whether you go straight thriough the centern of the fanth o
anill a alanted tunnel between any two suwnface points—because the neatoring force
o always directed towand the centern and scales lineanly with distance! [he trauvel
time fon a "grawity trhain” between any tuo points on the asurface, ignoring

reaistance, (b indeed the aame.

m Misconception /: Objects in a tunnel through Farnth would “float” at the centen.
Clanification: At the very center, gravity io zero, but an object would not float

in equilibrvium wnlessd it anrives thene with geno velocity. /n neality, unless stopped,

it would pass through the centern and continue oscillating
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