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Understanding the gravitational force between objects is fundamental in
physics, especially in the realm of Newtonian mechanics. When two objects
with known masses are separated by a certain distance, calculating the
gravitational force that acts between them helps us comprehend their mutual
attraction. In this article, we will analyze the problem involving two
objects with masses of 170 kg and 470 kg, separated by 0.420 meters, and
determine the net gravitational force between them. Through a detailed step-
by-step approach, we will explore the principles involved, the relevant
formulas, and how to perform the calculations accurately.

Introduction to Gravitational Force

The gravitational force is a fundamental force of nature that causes every
mass to attract every other mass in the universe. According to Newton's Law
of Universal Gravitation, the force between two masses is directly
proportional to the product of their masses and inversely proportional to the
square of the distance between them.

Newton's Law of Universal Gravitation

The mathematical expression for the gravitational force \( F \) is:

\ [

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

\1]

where:

- \( F\) is the magnitude of the gravitational force between the two
objects,

- \( G \) is the gravitational constant (\( 6.674 \times 10"~{-11} \,
\mathrm{Nm~2/kg~2} \)),

-\(m1\) and \( m_ 2 \) are the masses of the objects,

- \( r \) is the distance between the centers of the two masses.

Understanding this formula is essential in solving problems involving
gravitational interactions, such as the one at hand.



Given Data and Problem Restatement

Let's restate the problem and list the given data:

- Mass of object 1, \( m 1 170\, \mathrm{kg} \)
- Mass of object 2, \( m 2 470\, \mathrm{kg} \)
- Separation distance, \( r = 0.420\, \mathrm{m} \)

The task is to find the net gravitational force between these two objects.

Step-by-Step Solution

Applying Newton's Law of Universal Gravitation, the calculation involves
three main steps:

1. Identify all known variables.

2. Plug the known values into the formula.
3. Perform the calculations to determine the force.

Step 1: Known Variables

| Variable | Description | Value |

| ) | Mass of first object | 170 kg |

| ) | Mass of second object | 470 kg |

| ) | Distance between objects | 0.420 m |

| G \) | Gravitational constant | \( 6.674 \times 107{-11} \,
\mathrm{Nm~2/kg”~2} \) |

Step 2: Substituting into the Formula

Using the formula:

\

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

Substitute the known values:

F = (6.674 \times 107{-11}) \times \frac{1l70 \times 470}{(0.420)"2}



Step 3: Calculating the Numerator and Denominator

- Calculate \( m 1 \times m 2 \):

\ [

170 \times 470 = 79,900
\]

- Calculate \( r2 \):
\ [

(0.420)72 = 0.1764

\]

Now, plug back into the formula:

\ [
F =6.674 \times 107{-11} \times \frac{79,900}{0.1764}

\1]

- Divide numerator by denominator:

\ [

\frac{79,900}{0.1764} \approx 452,953.49

\1

- Multiply by \( G \):

\ [

F \approx 6.674 \times 107{-11} \times 452,953.49
\1

- Final calculation:

\ [

F \approx 6.674 \times 107{-11} \times 4.52953 \times 10"{5}
\1]

\ [
F \approx (6.674 \times 4.52953) \times 107{-11 + 5}

\1]

\ [
F \approx 30.232 \times 107{-6}

\1]

\ [
F \approx 3.0232 \times 107{-5}\, \mathrm{N}

\]



Therefore, the gravitational force between the two objects is approximately
\( \boxed{3.02 \times 107~{-5}\, \mathrm{N}} \).

Understanding the Magnitude and Significance of
the Result

While the calculated gravitational force appears minuscule, this is typical
for everyday objects on Earth's surface due to the extremely small value of
the gravitational constant \( G \). To put this into perspective:

- The force is about 0.0000302 N, which is negligible in most practical
situations.

- The gravitational interactions between everyday objects are insignificant
compared to other forces like friction, normal force, or electromagnetic
forces.

However, in astrophysics and planetary science, gravitational forces are
immensely influential, governing the motion of planets, stars, and galaxies.

Factors Affecting Gravitational Force
Several factors influence the magnitude of the gravitational force:

1. Mass of the objects: Larger masses exert stronger gravitational forces.

2. Distance between objects: Force diminishes rapidly as distance
increases, following an inverse square law.

3. Position and shape: For extended objects, the distribution of mass can
affect the gravitational interaction.

In this problem, the masses are fixed, and the distance is given, so the
calculated force directly reflects these parameters.

Practical Applications and Implications

Understanding gravitational forces between objects has broad applications:



* Engineering: Designing structures to withstand gravitational effects.

e Space Missions: Calculating orbital trajectories based on gravitational
interactions.

e Geophysics: Understanding Earth's gravity field for resource
exploration.

e Astrophysics: Predicting planetary motions and gravitational lensing.

In controlled environments or laboratory settings, such calculations can also
aid in precision measurement and calibration.

Limitations and Considerations

While Newton's law provides an excellent approximation for most scenarios
involving macroscopic objects, it has limitations:

1. Relativistic effects: At very high velocities or in strong gravitational
fields, Einstein's General Theory of Relativity becomes necessary.

2. Quantum effects: Not significant at macroscopic scales but relevant at
atomic or subatomic levels.

3. Assumption of point masses: For extended objects, the distribution of
mass can modify the gravitational interactions, especially at very close
distances.

In the context of this problem, Newtonian physics suffices because the
objects are relatively small and separated by a modest distance.

Conclusion

Calculating the gravitational force between two objects with known masses and
separation is a straightforward application of Newton's Law of Universal
Gravitation. For the given objects with masses of 170 kg and 470 kg separated
by 0.420 meters, the net gravitational force is approximately \( 3.02 \times
10~{-5} \) newtons. Despite its small magnitude, this calculation illustrates
fundamental principles of physics and deepens our understanding of
gravitational interactions. Recognizing how forces vary with mass and
distance allows scientists and engineers to analyze systems ranging from
simple laboratory setups to complex celestial phenomena.



Understanding these principles not only enhances our grasp of the universe
but also informs practical applications across diverse fields, from space
exploration to civil engineering. Mastery of gravitational calculations is a
cornerstone of physics education and a stepping stone towards more advanced
studies in gravitational physics, astrophysics, and cosmology.

Frequently Asked Questions

What is the formula to calculate the gravitational
force between two objects?

The gravitational force is calculated using Newton's law of universal
gravitation: F = G (ml m2) / r2, where G is the gravitational constant, ml
and m2 are the masses, and r is the distance between them.

Given masses of 170 kg and 470 kg separated by 0.420
m, how do you compute the gravitational force?

Use F = G (170 kg 470 kg) / (0.420 m)?2, substituting G = 6.674 x 10-11
N-(m/kg)? to find the force.

What is the approximate value of the gravitational
constant G used in calculations?

The gravitational constant G is approximately 6.674 x 10-** N-(m/kg)?2.

How does increasing the distance between objects
affect the gravitational force?

Increasing the distance decreases the gravitational force exponentially, as
force is inversely proportional to the square of the distance.

Why is it important to consider units when
calculating gravitational force?

Using consistent units (meters, kilograms) ensures accurate results, as the
gravitational formula relies on SI units for correct calculation.

What is the significance of gravitational force
between objects with large masses?

Objects with large masses exert stronger gravitational forces, which can
significantly influence their motion and interactions, such as planetary
orbits.



Can the gravitational force between small objects
like these be measured easily?

In most practical scenarios, gravitational forces between small objects like
170 kg and 470 kg are extremely weak and challenging to measure without
sensitive equipment.

How do you interpret the net gravitational force in
a system with two objects?

The net gravitational force is the magnitude of the force calculated between
the two objects; if only two objects are involved, this force is mutual and
equal in magnitude and opposite in direction.

What are some real-world applications of calculating
gravitational forces between objects?

Calculating gravitational forces is essential in astrophysics, satellite
deployment, space mission planning, and understanding planetary movements and
interactions.

Additional Resources
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In the realm of physics, gravity remains one of the most fundamental and
intriguing forces governing the universe. From the motion of planets to the
fall of an apple, gravitational interactions are omnipresent. Today, we delve
into a classic problem that exemplifies the principles of Newtonian gravity-a
scenario involving two objects with known masses separated by a specific
distance. Specifically, we examine two objects with masses of 170 kg and 470
kg, separated by 0.420 meters, and aim to calculate the net gravitational
force acting between them. This problem not only reinforces core concepts of
gravitational physics but also demonstrates how precise measurements and
calculations underpin our understanding of the natural world.

Understanding Gravitational Force: The
Foundation

Before diving into calculations, it'’s essential to grasp the fundamental
concept of gravitational force. First formulated by Sir Isaac Newton in the
17th century, Newton’s Law of Universal Gravitation states that every point
mass attracts every other point 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, this is expressed as:
F=G (m m2) / r?

Where:

- F is the magnitude of the gravitational force between the two objects,

- G is the gravitational constant, approximately 6.67430 x 10-'' N-(m/kg)?,
- m1 and mz2 are the masses of the objects,

- r is the distance between the centers of the two objects.

This law implies that larger masses exert greater gravitational attraction,
and the force diminishes rapidly as the separation increases.

Given Data and Assumptions

To proceed with the calculation, let's organize the provided data:

- Mass of Object 1 (m1): 170 kg
- Mass of Object 2 (m2): 470 kg
- Separation distance (r): 0.420 meters

Assumptions:

- The objects are point masses or spheres with their centers separated by the
given distance.

- External influences such as other gravitational fields or forces are
negligible.

- The measurement of the distance is accurate, and the objects are aligned
such that the distance specified is the center-to-center separation.

With these in mind, we are prepared to apply Newton's law directly.

Calculating the Gravitational Force

The calculation involves substituting the known quantities into Newton's
formula. Let's proceed step-by-step.

Step 1: Write down the formula with known values

F=G (m2 mz2) / r?

-
]

(6.67430 x 10-11 N-(m/kg)2) (170 kg 470 kg) / (0.420 m)?2



Step 2: Compute the product of the masses

170 kg 470 kg = 79,900 kg2

Step 3: Square the separation distance

(0.420 m)2 = 0.1764 m?

Step 4: Plug values into the equation

F = (6.67430 x 16-%') 79,900 / 0.1764

Step 5: Calculate numerator and denominator

Numerator: 6.67430 x 10-'1 79,900 = 6.67430 x 79,900 x 10-11

Let's first multiply 6.67430 by 79,900:

0

6.67430 x 79,900 (6.67430 x 80,000) - (6.67430 x 100)

6.67430 x 80,000

533,944

6.67430 x 100 = 667.43

Subtracting: 533,944 - 667.43 = 533,276.57
Therefore, numerator = 533,276.57 x 10-1!

Denominator: 0.1764

Step 6: Final calculation of force

F (533,276.57 x 10-**) / 0.1764

0

0

F = (533,276.57 / 0.1764) x 10-11

Calculating 533,276.57 / 0.1764:

Approximately, 533,276.57 + 0.1764 = 3,017,118.36
Thus,

F=3,017,118.36 x 10-** N



Expressed in scientific notation:
F = 3.017 x 10-5 N

Result: The magnitude of the gravitational force between the two objects is
approximately 3.02 x 10-> Newtons.

Interpreting the Result

The calculated force, about 0.0000302 Newtons, is extremely small-far less
than the force needed to feel any noticeable attraction in everyday life.
This underscores a key aspect of gravitational interactions: despite the
enormous masses of celestial bodies, the forces involved at small scales or
short distances are negligible compared to other forces such as
electromagnetic interactions. Nonetheless, this tiny force is vital in the
grand scheme of the universe, governing planetary orbits, galaxy formations,
and cosmic structures.

Factors Influencing Gravitational Force

While the calculation above assumes ideal conditions, real-world scenarios
may involve additional factors:

- Mass Distribution: If the objects aren't point masses but extended bodies,
the distance between their centers becomes critical, and internal mass
distribution can affect the net force.

- Environmental Influences: Nearby objects or electromagnetic forces might
overshadow gravitational interactions at small scales.

- Measurement Precision: Small errors in measuring mass or distance can
significantly impact the force calculation; thus, precision is essential in
experimental physics.

Applications and Significance of Gravitational
Calculations

Understanding and calculating gravitational forces have far-reaching
applications:

- Spacecraft Navigation: Precise calculations of gravitational forces enable
accurate trajectory planning.

- Astrophysics Research: Determining the masses of celestial bodies relies on
gravitational interactions.

- Engineering and Safety: In fields like mining or construction,
gravitational considerations inform safety protocols.



Furthermore, understanding these forces enhances our comprehension of the
universe's structure and evolution.

Conclusion: The Power of Newtonian Gravity

The exercise of calculating the gravitational force between two masses
separated by a precise distance exemplifies the elegance and utility of
Newton’s law of universal gravitation. Despite the minuscule magnitude of the
force in this particular case, the same principles underpin the vast,
majestic movements of planets, stars, and galaxies. This foundational
understanding continues to be pivotal in scientific discovery, technological
advancement, and our quest to unravel the mysteries of the cosmos.

Whether dealing with tiny laboratory objects or massive celestial bodies,
Newton’s law remains a cornerstone of physics, illustrating that even the
faintest forces can shape the universe in profound ways.
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