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Newton's [aw of Univernsal Gravitation

]. [he balance of gravity - Not too much, not too less
2. Newton's [aw of Universal Gravitation (scalarn form)
3. Newton's [aw of Universal Gravitation (vector form)
4. Key chanactenistics of gravitational force
5. Apple and the Fanrth - [he dynamics of gravitational fovce
6. Gravitational fForce on two people standing 1 m apanrt
/. Acceleration due to gravity
8. Key formulas and equations

9. Common misconceptions and, oéa/wﬁoazti/ww
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NEWTON'S LAW OF UNIVERSAL GRAVITATION

The force F shown is the attractive
force on m; due to m,, directed
toward m,. This highlights that
gravitational force is a vector.
However, the formula on the left
gives only the magnitude of the
force, not its direction
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e F: Grauvitational force between two masses (in V)
e G: Gravitational conatant = 6.674 x 107 N-m?/kg?
* My, My Masses of the two objects (in kg)

e n: Distance between the centen c},f mabbed
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NEWTON'S LAW OF UNIVERSAL GRAVITATION

Here unit vectorr helps us give vector identity

[to only nole is to ‘o the force F

giuve dinection

e : (/nit vector Lndbowtbng the dinection c}f the fomoe

—>

* | Vector form of the gravitational force
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KEY CHARACTERISTICS OF GRAVITATIONAL FORCE

]. Mutwal Attraction: Both masses exent equal &
opposite gravitational forces on each othenr

2. Dependence on Mass and Distance

a. Directly proportional to the product of the two
maboed.

b. [nvensely proportional to the squanre of the
distance between thein centens.

3. Univensality: Gravity acto between all objects with
maws, negardless of thein size.

. Non-Shieldable: (nlike electromagnetic forces,
gravity cannot be shielded o bloceed by othen
maittesn.

5. Always Attractive: Gravitational force aluways
pulls objects togethen, it neven pushes them apant.
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F12 and F,; are equal in magnitude and
opposite in direction (Fy; = —F5y)

No matter what you place between or around
two masses, the gravitational force they exert

on each other remains unchanged
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THE BALANCE OF GRAVITY

Gravity's Role on Farth: farth's gravity pulle everything towanrd it. For us humans, it's just night —

atnong enough to keep ws grounded, but not so strong that we can't move arnound comfortably.

Gravity = g. Conditions are ideal — Gravity = 2g. Gravity Is twice as
you can walk, run, and jump strong — every step feels heavy,
naturally. Perfect for daily life on and moving becomes exhausting.
Earth. (Visual is exaggerated for effect
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Gravity = g/2. Gravity is only half as
strong — you might feel super light
and bouncy. Jumping is easy, but
staying grounded and stable could
be tough!
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EARTH AND AN APPLE

Given
- Mass of apple (m]) =0.1 kg
- Mass of Farnth (m2) =5.97 x 102 kg
- Diatance (1) =6.371 x 108 m
Calewlation.

F=Gx(m;xm,)/r?
=G x (01 x5.97 x10%%/ (6.371 x 10%)? = 0.98 N

[ntenpretation. [he apple experiences a
gravitational force of approximately 0.98 N
towands Farth, and Farth experiences an
equal force towand the apple.
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The mass of Earth is about 5.97 x 102* kg — that’s an enormous
number! Using the formula a = F/m, this huge mass in the
denominator makes Earth's acceleration toward the apple almost
zero. That's why, even though the apple pulls on Earth with the

same force (0.98 N), we don't see the Earth move — only the apple
appears to fall
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WHEN AN APPLE FALLS - THE EARTH MOVES, VERY SLOWLY

Formula: a = F / m
Application
- for the apple: a =0.98 N/0.1kg=9.8m/s’
- For Fanth. a =0.98 N/ (5.97 x 102 kg)
= 1.64 x 107% m/s?

[ntenpretation. While both the apple and
Fanth exent equal fornces on each othen,
Fanth's massive maas neawlts in an albmoat

When an apple falls toward Earth, Earth also feels a
tiny pull toward the apple. But the Earth is so massive,

/’beg/él}aa/l}b-ée acceleration mw/abmg Lt its acceleration is unbelievably small — about 1.64 x
, o 102> m/s% So small that even after 13.8 billion years —
mo-ement bmpe/boeptobée. the age of the universe — Earth would have moved less

than a millimeter! That's why we never notice Earth
moving when things fall
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TWO PEOPLE STANDING 1 METER APART

Given
- Mass of each person =70 kg
- Diatance () =1m
Calcuwlation
F=Gx(70x70)/12=34x10""N

[nterpretation: [he gravitational force between
the two individuals i minuscule— comparable
with the weight of a human eyelash—and thus

impesiceptible.
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KEY FORMULAS & EQUATIONS

Equation When to (Joe Noteo
F=Gx(mxm,)/r Caleulating gravitational force Scalarn foun, use when dinection is not a
1 : between two masses CONCeUL

Vector foum, includes . (Joe when direction
_F:GX(mxm)/rzxr Caleulating gravitational force with |mattens — especially in problems involving
1 X My oot

nmlt(pée[fmceamnetfmce

o= GxM/P Caleulating gravitational field g’ io the accelenation due to grauvity at
atrength at any point distance ' from mass M’
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COMMON MISTAKES AND MISCONCEPTIONS

Misconception 1. Heavier objects fall faster than lighter ones

C La//bz;ﬁoa/twn  The gww066w660mwé 50/7/0@ o1 an 0@)@% nean Fanth i glven bg

F=Gx(mxM)/r? wherem id the object’s mass, M is Farnth's mass, and n is

the nadiws of £anrth.

When we wae fF = m x a to find the object ‘s accelenation, the o-bfect ‘0 maad
m cancels owt (G x (m x M)/ r2=ma), leaving a = G x M/ r?, which i conatant
nean Fanth's sunface (= 9.8 m/s*). This means all o-bjects, negandless of

mawsb, fall with the same accelenation in the absence of ain nesistance. [he

diffenence we o-baenve in neal life i due to ain drag, not gravity.
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COMMON MISTAKES AND MISCONCEPTIONS

Misconception 2: Gravity Doean't fxiost in Space

Clanification.: Gravity exists evenyuwhene in the univense, it neven becomes
zeno, only weaken with distance. According to Newton's niversal [aw of
Grauvitation, F =G x (m; x m,) / 12, the grauvitational force decrneases with the
aquane of the distance (n) between tuo masaes. Fuen in oubit, astronauts are

atill unden the influence of farnth's gravity.

Misconception 3: Gravitational Forvce Can Be Shielded

C Lanification. (nlikte electnomagnetic forces, gravity cannot e blocreed or

shielded by any matenial, it acts through all matter.
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COMMON MISTAKES AND MISCONCEPTIONS

Misconception 4 : [he Fqual and Opposite Reaction to Gravity [o the Novmal

Force

Clanification: [he novmal fovce io not the third-law neaction to gravity.
When Fanth pulls an object downwand (gravity), the object pulls fanrnth
wpwand with an equal gravitational force. [hese two form the true
thind-law pair.

[he novmal force comes from the sunface pushing up on the object to support
it. [to neaction pain i the object pushing down on the surnface, not gravity.
/n ahort:

o Gravity pain: Fanth on object L, object on Farth T

o Nowmal pair: Surface on object T, object on sunface L
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Misconception 5: Gravity Only Affecto Objects on fFanth

Clanification: Gravity io a univernsal force that acts between any two masses,
negandaless of thein location in the univense. Fuen in the vaoat emptinessd of
space, gravitational forces arne at play. For inatance, the Moon nemaino in

obit arnound Eanth due to Farnth's gravitational pull, and planets orbit the
Sun for the same neason.

[he misconception that ghavity doean t exiot in space likely anises from the
sensation of weightlessness expenienced by astronauts. Howeuven, thio

w-ebghtlesaness iv due to being in a continuwows state of free fall around Fanth,

not the abasence c}(f gravity.

T Z/

] SCIENCE
www.TheScienceCube.com CUBE


https://www.thesciencecube.com/

Misconception 6: [he Gravitational Force Dependos on Sige, Not Mass

Clanification: Gravitational forvce depends on the masses of the objects and the
distance between thein centens, not thein sizes. [wo o-bjects with the same mass but
diffenent siges will exent the same gravitational force on each othen if the distance
between thein centens io the same. [hio misconception may stem from associating

langen sige with greaten mass, which ion't alurays the casve.

Misconception /. Objecto in Onbit Ane Not Undern the [nfluence of Gravity

Clarification: Objects in orbit, such as satellites and the [nternational Space Station,
ane veny much unden the influence of Fanth's grauvity. /n fact, gravity i what keeps
them in ovbit. [heae obfects ane in a constant atate of free fall towarnds Fanth, but
because they have a tangential velocity, they keep missing Fanth, neasuwlting in an ovbit.

[he senaation c}lf webg,/wéeumew expenienced bg astronauwts b due to thio continuwows

free-fall atate, not the absence of grawity. S
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