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Sir Isaac Newton's Law of Universal Gravitation is one of the most foundational principles in physics,
shaping our understanding of the forces that govern the motion of celestial bodies and objects on
Earth. This law articulates the nature of the attractive force between masses and provides a
mathematical framework for calculating this force. When exploring Newton's law, a natural question
arises: which statements about it are true? In this article, we'll delve into the core concepts of
Newton's Law of Universal Gravitation, clarify common misconceptions, and identify the statements
that accurately reflect its principles.

Understanding Newton's Law of Universal Gravitation

Newton's Law of Universal Gravitation states that every point mass attracts every other point mass
in the universe with a force that is directly proportional to the product of their masses and inversely
proportional to the square of the distance between their centers. Mathematically, it is expressed as:

\[ F=G\frac{m 1 m 2}{r"2}\]

where:
-\(F\) is the magnitude of the gravitational force between the two objects,
-\(G\) is the gravitational constant (\(6.674 \times 10"~ {-11} \, \mathrm{Nm~2/kg”™2}\)),
-\(m_1\) and \(m_2\) are the masses of the objects,
\(r\) is the distance between the centers of the two masses.

This law was formulated in the late 17th century and has been instrumental in explaining planetary
motions, tides, black holes, and more.

Key Statements About Newton's Law of Universal
Gravitation

To understand which statements are true regarding Newton's law, we first need to examine common
assertions and clarify their accuracy.

Statement 1: The gravitational force is always attractive.

e True. Newton's law states that gravity is an attractive force, meaning it pulls objects toward
each other. This is consistent across all known interactions of gravity; unlike electromagnetic



forces, which can be attractive or repulsive depending on the charges involved, gravity always
pulls masses toward each other.

Statement 2: The gravitational force acts only between objects
with mass.

e True. According to Newton's law, gravity acts between objects that have mass. There is no
gravitational attraction between massless particles such as photons in classical Newtonian
physics; however, in modern physics, gravity can influence light through curved spacetime
(General Relativity), but Newton's law does not account for this.

Statement 3: The gravitational force decreases with increasing
distance between objects.

e True. The inverse-square law component of Newton's formulation explicitly indicates that as
the distance \(r\) between two masses increases, the force \(F\) decreases proportionally to
\(1/r~2)).

Statement 4: The gravitational force depends on the shape or
size of the objects.

e False. Newton's law depends only on the masses of the objects and the distance between their
centers, not their shape or size. For example, two spherical objects of the same mass exert the
same gravitational force regardless of their volume or shape, provided the distance between
their centers remains the same.

Statement 5: The law is valid for all objects regardless of their
distance apart.

e Partially true. Newton's law is extremely accurate for many situations, especially within the
solar system. However, it breaks down at very high velocities or in strong gravitational fields,



where Einstein's General Theory of Relativity provides a more accurate description.
Nonetheless, for most everyday purposes and planetary calculations, Newton's law is
sufficiently accurate.

Statement 6: The gravitational constant \(G\) is the same
everywhere in the universe.

¢ Generally true. In classical physics, the gravitational constant \(G\) is considered a universal
constant, meaning it has the same value throughout the universe. Experiments on Earth and in
space support this, although some theories in physics explore the possibility of variations in
fundamental constants.

Statement 7: The gravitational force causes objects to
accelerate towards each other.

e True. Newton's second law relates force to acceleration (\(F=ma\)). The gravitational force
results in an acceleration of objects toward each other, which explains phenomena like
planetary orbits, falling objects, and tides.

Statement 8: The law implies that larger masses exert a
stronger gravitational pull.

e True. The force is directly proportional to the product of the masses \(m 1 m 2\). Therefore,
larger masses exert a stronger gravitational force on each other.

Statement 9: The force of gravity acts instantaneously across
any distance.

e False. In Newtonian physics, gravity is considered to act instantaneously; however, modern
physics (General Relativity) indicates that gravitational influence propagates at the speed of
light. Nonetheless, Newton's law simplifies this by assuming instantaneous action, which is



acceptable for many practical calculations.

Statement 10: Newton's law can be used to calculate the orbit
of planets.

e True. Newton's law provides the basis for classical mechanics calculations of orbital motion,
allowing us to predict planetary trajectories, satellite orbits, and more.

Common Misconceptions About Newton's Law of
Universal Gravitation

Understanding what Newton’s law states and what it doesn’t is crucial to avoid misconceptions.

Misconception 1: Gravity is a force that acts only at a distance.

- While Newton’s law describes gravity as acting at a distance without physical contact, it does not
specify the mechanism. Modern physics suggests that gravity propagates at the speed of light,
affecting how we interpret the law in relativistic contexts.

Misconception 2: Gravity is the weakest of the four
fundamental forces.

- This is true, but it’s important to note that gravity’s weakness compared to nuclear forces is what
makes it unique for large-scale structures but negligible at microscopic scales.

Misconception 3: Newton's law is the ultimate description of
gravity.

- Newton's law works well for many applications but is superseded by Einstein’s General Relativity in
describing strong gravitational fields or high velocities.



Summary: Which Statements Are Truly Reflective of
Newton's Law?

Based on the detailed analysis above, the following statements accurately reflect Newton's Law of
Universal Gravitation:

e The gravitational force is always attractive.

e Gravity acts only between objects with mass.

e The force decreases with increasing distance between objects.

e The gravitational constant \(G\) is the same everywhere in the universe.

» Gravity causes objects to accelerate toward each other.

e Larger masses exert a stronger gravitational pull.

e Newton's law can be used to calculate planetary orbits.

Conversely, statements claiming that gravity depends on shape, acts instantaneously at any
distance, or is a repulsive force are false within the framework of Newtonian physics.

Conclusion

Newton's Law of Universal Gravitation remains a cornerstone of classical physics, providing
profound insights into the mechanics of the universe. While it has limitations and has been
supplemented by Einstein’s theories, its core principles continue to underpin much of modern
science and engineering. Recognizing the true statements about this law helps deepen our
understanding of the universe's fundamental forces and dispels common misconceptions. Whether
calculating the trajectory of a satellite or understanding planetary motion, Newton's law continues
to be an essential tool in physics.
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Frequently Asked Questions

According to Newton's Law of Universal Gravitation, does the



gravitational force between two objects depend on their
masses?

Yes, the gravitational force is directly proportional to the product of the two masses involved.

Does Newton's Law of Universal Gravitation state that the
gravitational force decreases with the square of the distance
between two objects?

Yes, the force diminishes proportionally to the square of the distance separating the objects.

Is it true that according to Newton's Law, every mass attracts
every other mass in the universe?

Yes, Newton's Law states that all masses exert a gravitational attraction on each other.

According to Newton's Law, is the gravitational force affected
by the presence of other objects nearby?

No, each pair of objects interacts gravitationally based only on their masses and separation distance,
assuming isolated pairs.

Does Newton's Law of Universal Gravitation apply only to
celestial bodies like planets and stars?

No, it applies universally to all objects with mass, regardless of size or location.

Is the gravitational constant 'G' a factor in Newton's Law of
Universal Gravitation?

Yes, 'G' is the proportionality constant used in the formula to calculate the gravitational force.

According to Newton's Law, does increasing the mass of an
object increase the gravitational force it exerts?

Yes, increasing an object's mass results in a stronger gravitational pull.

Does Newton's Law of Universal Gravitation imply that the
force is always attractive?

Yes, gravity is inherently an attractive force between masses.



Additional Resources
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In the realm of physics, few principles have had as profound an impact on our understanding of the
universe as Sir Isaac Newton’s Law of Universal Gravitation. Formulated in the 17th century, this
law not only explained the falling of apples but also laid the groundwork for understanding planetary
motions, tides, and the vast dance of celestial bodies. But with the passage of centuries, questions
have arisen about the precise scope and implications of Newton’s law. What statements about
gravity are truly aligned with Newton’s principles? This article aims to dissect the core assertions,
clarify common misconceptions, and provide a comprehensive understanding of what is—and
isn't—true according to Newton’s Law of Universal Gravitation.

Understanding Newton’s Law of Universal Gravitation

Before evaluating specific statements, it is essential to revisit the fundamental tenets of Newton'’s
law. Newton proposed that every mass attracts every other mass in the universe with a force directly
proportional to the product of their masses and inversely proportional to the square of the distance
between their centers.

Mathematically, the law is expressed as:
\[ F=G\frac{m 1 m 2}{r~2}\]

where:
-\( F) is the magnitude of the gravitational force between two objects,
-\( G) is the gravitational constant (\(6.674 \times 10"~ {-11} \, \mathrm{Nm~2/kg”™2}\)),
-\(m 1\) and \( m 2\) are the masses of the objects,
\( ) is the distance between the centers of the two masses.

This formula encapsulates several critical ideas:

- The force acts along the line connecting the two masses.

- The force diminishes rapidly as the distance increases.

- The magnitude of the force depends on the masses involved.

Understanding these core principles provides a foundation for evaluating various statements about
gravity.

Common Statements and Their Validity

Let’s examine some prevalent assertions related to Newton’s law, assessing their accuracy based on
the law’s framework.



1. The gravitational force between two objects increases as
their masses increase.

Assessment: True.

Explanation: According to the formula \( F = G \frac{m 1 m 2}{r"~2} ), the gravitational force is
directly proportional to the product of the two masses. If either mass increases while the other
remains constant, the force correspondingly increases. For example, doubling the mass of one object
doubles the force, assuming the distance remains unchanged. This relationship is fundamental to
Newton’s law and aligns with everyday observations—more massive objects exert stronger
gravitational pulls.

2. The gravitational force decreases as the distance between
objects increases.

Assessment: True.

Explanation: The inverse square relationship indicates that if the distance \( r\) doubles, the force
diminishes to a quarter of its previous value (\( 1/2”2 = 1/4)). Conversely, halving the distance
results in quadrupling the force. This principle explains why gravity is stronger when celestial bodies
are closer and weaker over vast interstellar expanses. The inverse square law is a cornerstone of
Newtonian gravity and is validated by countless astronomical observations.

3. The gravitational force acts only on objects in direct
contact.

Assessment: False.

Explanation: One of the distinguishing features of Newton’s gravitational law is that it is a long-
range force, exerting influence even when objects are not in contact. For instance, the Earth’s
gravity acts on the Moon and satellites orbiting it, despite no physical contact. This contrasts with
contact forces like friction or tension, which require physical interaction. Newton’s law describes a
universal attraction acting at a distance, which was revolutionary at the time and remains
fundamental today.

4. The gravitational force is a vector quantity, having both



magnitude and direction.

Assessment: True.

Explanation: Newton established that gravity is a vector force—it has a magnitude determined by
the formula and points along the line connecting the two masses, directed from one object toward
the other. This directional aspect is critical in determining the motion of objects under gravity, such
as planets orbiting stars or apples falling from trees. Recognizing gravity as a vector is essential for
understanding phenomena like projectile motion and orbital dynamics.

5. The gravitational constant \( G \) varies depending on the
mass or distance involved.

Assessment: False.

Explanation: The gravitational constant \( G ) is a universal constant, meaning it remains the same
regardless of the masses or distances involved. Its value was determined through experiments and
remains constant across the universe. The variations in gravitational force with different masses and
distances are due to the variables\(m 1\),\(m 2\), and \(r\), not \( G ).

6. Newton’s law of gravitation explains the motion of planets
around the Sun.

Assessment: True.

Explanation: Newton’s law provided the first comprehensive explanation for planetary orbits,
describing how the Sun’s gravitational pull keeps planets in elliptical orbits. Newton derived that the
centripetal force necessary for orbital motion is provided by gravity, leading to the inverse-square
law’s prediction of elliptical paths, as later confirmed by Kepler’s laws. This was a monumental
achievement in physics, uniting terrestrial and celestial mechanics under one law.

7. The gravitational force is the same for all objects regardless
of their distance from each other.

Assessment: False.

Explanation: As per the inverse-square law, gravitational force diminishes as the distance increases.



Objects closer together experience a stronger gravitational attraction than those farther apart,
assuming their masses are constant. For example, Earth’s gravity on a satellite decreases as the
satellite moves higher into orbit.

8. The gravitational force can be explained by electromagnetic
interactions.

Assessment: False.

Explanation: Newton’s law is a classical description based on mass attraction and does not involve
electromagnetic interactions. While modern physics recognizes that gravity and electromagnetism
are distinct fundamental forces, Newton'’s law specifically describes gravitational attraction without
invoking electromagnetic principles.

Nuances and Limitations of Newton’s Law

While Newton’s Law of Universal Gravitation is immensely successful, it is essential to understand
its scope and limitations.

Applicability in Classical Mechanics

Newton’s law accurately describes the motion of planets, moons, satellites, and many macroscopic
objects under typical conditions. It provides precise calculations for most engineering and
astronomy applications where speeds are much less than the speed of light and gravitational fields
are relatively weak.

Limitations and the Need for General Relativity

However, Newtonian gravity is an approximation. It doesn’t account for:

- The effects of very strong gravitational fields, such as near black holes.

- The influence of gravitational waves.

- The precise nature of gravity in the context of high velocities close to the speed of light.

Albert Einstein’s General Theory of Relativity superseded Newton'’s law in these regimes, describing
gravity as the curvature of spacetime rather than a force acting at a distance.



Summary: What Statements Are True According to
Newton?

Based on the principles outlined above, the following statements about gravity align with Newton's
law:

- The gravitational force increases with the masses involved.

- The force decreases as the distance between objects increases.

- Gravity acts at a distance, without physical contact.

- The force is a vector quantity, having both magnitude and direction.

- Newton’s law successfully explains planetary motions and celestial mechanics.
- The gravitational constant \( G ) is universal and unchanging.

Conversely, statements claiming that gravity acts only through contact, that \( G \) varies, or that
gravity is solely an electromagnetic phenomenon are inconsistent with Newton’s law.

Conclusion: The Legacy of Newton’s Law

Isaac Newton’s Law of Universal Gravitation remains one of the most elegant and enduring
principles in physics. Its ability to describe the motion of planets, moons, and satellites with
remarkable accuracy for over three centuries underscores its foundational role in science. While
modern physics has extended our understanding through Einstein’s theories, Newton's law
continues to serve as a critical tool in astronomy, engineering, and education. Recognizing which
statements about gravity are true according to Newton’s law not only deepens our understanding of
the universe but also highlights the enduring power of classical physics in explaining the cosmos.
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