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Regents Physics Worksheet 2.2 2 Universal Gravitation Answers: A Comprehensive Guide

regents physics worksheet 2.2 2 universal gravitation answers are often sought after by students grappling
with the fundamental principles of gravitational force as taught in the New York State Regents Physics
curriculum. This article aims to demystify this crucial topic, providing detailed explanations, clear
examples, and insights into solving common problems encountered in worksheet 2.2 2. We will delve into
Newton's Law of Universal Gravitation, exploring its mathematical formulation and practical applications.
Understanding the inverse square law and the proportionality of gravitational force to mass is key, and
we’ll break down how these concepts are applied in typical worksheet scenarios. Whether you're
struggling with calculating gravitational force between celestial bodies or understanding weight on
different planets, this guide is designed to equip you with the knowledge and confidence to tackle any

question. Get ready to explore the forces that shape our universe!
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Understanding Newton's Law of Universal Gravitation

At the heart of Regents Physics Worksheet 2.2 2 lies Newton's groundbreaking Law of Universal
Gravitation. This law, a cornerstone of classical mechanics, describes the attractive force that exists between
any two objects possessing mass. It's not just about planets and stars; this force is present between you and
your chair, your phone and the table, or even two subatomic particles. Sir Isaac Newton's genius was in
recognizing this universal principle and formulating it into a precise mathematical equation. This law
elegantly explains why objects fall to the Earth, why the Moon orbits our planet, and why the planets
revolve around the Sun. It’s a testament to the interconnectedness of the cosmos, all governed by a single,

elegant force.

Before Newton, the motion of celestial bodies was largely a mystery, explained by complex theories and
divine intervention. Newton, however, proposed a physical explanation, unifying terrestrial and celestial
mechanics. He deduced that the same force that causes an apple to fall from a tree is responsible for keeping

the Moon in its orbit. This revolutionary idea, supported by his laws of motion, transformed our



understanding of the universe. The concept of universal gravitation implies that every particle of matter in
the universe attracts every other particle with a force. This attraction is always attractive, never repulsive,

and acts along the line joining the centers of the two particles.

Key Concepts and Formulas

To effectively solve problems related to universal gravitation, it's essential to grasp the core concepts and
the governing formula. The primary equation you’ll encounter on Regents Physics Worksheet 2.2 2 is

Newton's Law of Universal Gravitation:
F=G (m1m2)/r"2

Let's break down each component of this vital equation. 'F' represents the magnitude of the gravitational
force between the two objects. This force is measured in Newtons (N). 'G' is the universal gravitational
constant. Its value is approximately 6.674 x 10"-11 N m?/kg® This constant is crucial because it bridges the
gap between the masses and distance and the resulting force. It's a relatively small number, which explains

why we don't typically notice the gravitational pull between everyday objects.

'm1' and 'm2’' represent the masses of the two objects involved. These are typically given in kilograms (kg).
The gravitational force is directly proportional to the product of these masses. This means if you double the
mass of one object, the gravitational force doubles. If you double both masses, the force quadruples!
Conversely, if the masses are very small, the gravitational force will also be small, which is why we don't

feel the pull of a distant star on our person.

'r' is the distance between the centers of the two masses. This is measured in meters (m). The 't"2' in the
denominator signifies an inverse square relationship. This is perhaps the most critical aspect for
understanding how gravitational force changes with distance. As the distance between two objects
increases, the gravitational force decreases rapidly. Specifically, if you double the distance, the force
becomes one-fourth (1/2"2) of its original value. If you triple the distance, the force becomes one-ninth
(1/3"2). This inverse square nature is fundamental to many physical phenomena, from light intensity to

gravitational fields.

Direct Proportionality to Mass

One of the most intuitive aspects of universal gravitation is its direct proportionality to the masses of the
interacting objects. This means that the more massive an object is, the stronger its gravitational pull.
Imagine the Earth compared to a small pebble. The Earth, with its enormous mass, exerts a significant

gravitational force on everything around it, including us, keeping us grounded. The pebble, while also



exerting a gravitational force, is so minuscule that its effect is imperceptible. When solving problems,
always remember that increasing the mass of either object will increase the gravitational force between

them proportionally.

Inverse Square Law

The inverse square law is where things get particularly interesting and sometimes a bit tricky for students.
It dictates that the gravitational force weakens with the square of the distance between the centers of the
two objects. This is not a linear decrease; it's much more dramatic. Think about a light bulb. As you move
further away from it, the light intensity drops off quickly. The same principle applies to gravity. If you
were to double the distance between the Earth and the Moon, the gravitational force between them would
not be halved, but reduced to one-fourth of its original strength. This rapid decrease is why the

gravitational influence of distant stars is negligible compared to that of our Sun.

The Gravitational Constant (G)

The universal gravitational constant, 'G', is the MVP of the equation. It's a fundamental constant of nature,
meaning it's believed to be the same everywhere in the universe and doesn't change. Its incredibly small
value (6.674 x 10"-11 N m*/kg?) highlights that gravity is a relatively weak force compared to others like
electromagnetism, especially when dealing with everyday masses. However, due to the immense masses
of celestial bodies like planets and stars, their gravitational forces become dominant on cosmic scales. When
performing calculations, ensure you use the correct value for G and pay close attention to its units to avoid

errors.

Solving Common Regents Physics Worksheet 2.2 2 Problems

Regents Physics Worksheet 2.2 2 typically presents a variety of problems that test your understanding of
Newton's Law of Universal Gravitation. These problems often fall into a few key categories, from direct
calculation of force to comparing forces at different distances or with different masses. The key to success is
a methodical approach, breaking down the problem into its constituent parts and applying the formula

correctly.

One of the most common types of problems involves calculating the gravitational force between two
celestial bodies, such as the Earth and the Moon, or two stars. In these cases, you'll be given the masses of
the objects and the distance between their centers. Your task is to plug these values into the formula F = G
(m1 m2) / r"2. It's crucial to ensure that all units are consistent, meaning masses are in kilograms and

distances are in meters. Often, you might be given distances in kilometers or masses in tons, requiring a



unit conversion step before you can use the formula.

Another common scenario involves comparing gravitational forces. You might be asked how the force
changes if the distance is doubled or if one of the masses is increased. These problems often don't require
you to calculate the exact force but rather to determine the ratio of forces. For instance, if the distance is
doubled, the new force will be (1/2)*2 = 1/4 of the original force. These problems are excellent for testing

conceptual understanding of the inverse square law and proportionality.

Calculating Gravitational Force

When asked to calculate the gravitational force, the process is straightforward but requires careful attention

to detail.

Identify the masses of the two objects (m1 and m2). Ensure they are in kilograms.

Determine the distance between the centers of the two objects (r). Ensure it is in meters.

Recall the universal gravitational constant (G = 6.674 x 10*-11 N m?*/kg?).

Substitute these values into the formula: F = G (m1 m2) / r

Perform the calculation, paying close attention to scientific notation.

State your answer with the correct units (Newtons).

For example, if you're asked to find the gravitational force between the Earth (mass = 5.972 x 10"24 kg)
and a 1000 kg satellite in orbit at an average distance of 6.371 x 10"6 meters from Earth's center, you would

plug these values in. It's good practice to use a calculator that handles scientific notation accurately.

Understanding Weight and Gravitational Force

Weight is essentially the gravitational force exerted on an object by a celestial body. The formula for
weight is W = mg, where 'm' is the mass of the object and 'g" is the acceleration due to gravity. On Earth's
surface, 'g' is approximately 9.8 m/s%. However, 'g' varies depending on the mass and radius of the planet.
Regents Physics Worksheet 2.2 2 might ask you to calculate an object's weight on the Moon or Mars,
where the acceleration due to gravity is different from Earth's. You can also derive 'g' for a celestial body
using Newton's Law of Universal Gravitation: g = G M / r"2, where 'M' is the mass of the celestial body

and 'r' is its radius.



This connection between weight and universal gravitation is profound. It explains why astronauts weigh
less on the Moon. The Moon has a smaller mass than Earth, and therefore a weaker gravitational pull,
resulting in a lower value for 'g’ on its surface. When solving these problems, you might first calculate the
'g’ for the other celestial body using its mass and radius, and then use that 'g' to find the object's weight on

that body.

Comparing Gravitational Forces

Problems that ask you to compare forces often involve setting up ratios. Suppose you have two scenarios:
Scenario 1 with masses m1 and m2 at distance r, and Scenario 2 with the same masses but at distance 2r.
The force in Scenario 1 is F1 = G (m1 m2) / r*2. The force in Scenario 2 is F2 =G (m1 m2) / (2r)"2 =G (m1
m2) / (4r*2). To compare, you can see that F2 = (1/4) F1. The force in Scenario 2 is one-fourth the force in
Scenario 1. This highlights the power of the inverse square law — a doubling of distance results in a

quartering of the force.

Practice Scenarios and Step-by-Step Solutions

Let's walk through a couple of typical scenarios you might find on Regents Physics Worksheet 2.2 2 to
solidify your understanding. These examples will demonstrate the application of the formulas and the

reasoning process involved.

Scenario 1: Force Between Two Objects

Problem: Calculate the gravitational force between two identical bowling balls, each with a mass of 6.0 kg,

placed so that their centers are 0.50 meters apart.

Solution:

1. Identify the given values:

o m1=60kg
o m2 = 6.0 kg

or=050m



o G =6.674 x 10"-11 N m%/kg?

2. Apply the formula for universal gravitation:
F=G (m1m2)/r2
3. Substitute the values:
F = (6.674 x 10"-11 N m*/kg?) (6.0 kg 6.0 kg) / (0.50 m)"2
4. Calculate the product of masses:
m1i m2 = 36 kg?
5. Calculate the square of the distance:
r’2 = (0.50 m)"2 = 0.25 m?
6. Now, perform the full calculation:
F = (6.674 x 10"-11 N m*/kg?) (36 kg?) / (0.25 m?)
F =(6.674 x 10"-11) 144 N
F~9.61x10"~9 N

7. The gravitational force between the two bowling balls is approximately 9.61 x 10"-9 Newtons.

Notice how small this force is, as expected for everyday objects.

Scenario 2: Weight on Another Planet

Problem: An astronaut has a mass of 75 kg. If the acceleration due to gravity on the surface of Mars is

approximately 3.71 m/s?, what is the astronaut's weight on Mars?

Solution:



1. Identify the given values:

o Mass of astronaut (m) = 75 kg

o Acceleration due to gravity on Mars (g_Mars) = 3.71 m/s’

2. Use the formula for weight:

Weight (W) = mass (m) x acceleration due to gravity (g)
3. Substitute the values for the astronaut on Mars:

W_Mars = 75 kg 3.71 m/s*
4. Calculate the weight:

W_Mars = 27825 N

5. The astronaut's weight on Mars would be approximately 278.25 Newtons. This is significantly less
than their weight on Earth (approximately 735 N), demonstrating the effect of different gravitational

forces.

These examples illustrate the systematic approach needed. Always start by identifying your knowns and
unknowns, select the appropriate formula, and then substitute and calculate carefully. Don't underestimate

the power of unit conversions and scientific notation when dealing with astronomical scales!

Scenario 3: Comparing Gravitational Forces at Different Distances

Problem: Two objects are separated by a distance 'd’, and the gravitational force between them is F. If the

distance between the objects is increased to 3d, what is the new gravitational force in terms of F?

Solution:
1. Start with the initial scenario:

F=G (m1m2)/d?



2. Now consider the new scenario where the distance is 3d. The masses m1 and m2 remain the same.
F_new =G (m1 m2) / (3d)"2
3. Expand the denominator:
F_new =G (m1 m2) / (9d"2)
4. We can rewrite F_new by factoring out 1/9:
F_new = (1/9) [G (m1 m2) / d"2]
5. Recognize that the term in the brackets is the original force, F:
F_new =(1/9) F

6. Therefore, when the distance between the objects is increased to 3d, the new gravitational force is

1/9 of the original force.

This problem emphasizes the inverse square law. Tripling the distance reduces the force by a factor of 3

squared, which is 9.

Frequently Asked Questions About Regents Physics Worksheet

2.2 2 Universal Gravitation Answers

Q What is the fundamental principle behind Regents Physics Worksheet
2.2 2?

A: The fundamental principle is Newton's Law of Universal Gravitation, which states that every particle of
matter in the universe attracts every other particle 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.

Q What are the key variables in Newton's Law of Universal Gravitation?

A: The key variables are the gravitational force (F), the universal gravitational constant (G), the masses of

the two objects (m1 and m2), and the distance between their centers (r).



Q Why is the gravitational constant (G) so small?

A: The universal gravitational constant (G =~ 6.674 x 10"-11 N m?*/kg?) is very small because gravitational
force is a relatively weak force compared to others, especially at the scale of everyday objects. Significant

gravitational forces are observed primarily when dealing with very large masses, like planets and stars.

Q How does increasing the mass of an object affect gravitational force?

A: Increasing the mass of one or both objects directly increases the gravitational force between them,
according to the formula F = G (m1 m2) / r"2. The force is directly proportional to the product of the

masses.

Q What does the "inverse square law" mean in terms of gravitational
force?

A: The "inverse square law" means that the gravitational force decreases rapidly as the distance between
objects increases. If you double the distance, the force becomes four times weaker (1/2?); if you triple the

distance, it becomes nine times weaker (1/32).

Q How is an object's weight related to universal gravitation?

A: An object's weight is the gravitational force exerted on it by a celestial body. The formula for weight is
W = mg, where 'm’ is the object's mass and 'g' is the acceleration due to gravity of the celestial body. This

'g' is itself determined by the celestial body's mass and radius via Newton's Law of Universal Gravitation.

Q What units are typically used for mass and distance when applying

Newton's Law of Universal Gravitation?

A: For consistency and correct results in calculations, masses should be in kilograms (kg) and distances

should be in meters (m).

Q: Can I use Regents Physics Worksheet 2.2 2 answers to check my
work?

A: Yes, if you have access to an answer key for Regents Physics Worksheet 2.2 2, it is an excellent tool to
verify your calculations and understanding of the concepts. However, it's crucial to try solving the

problems yourself first before looking at the answers to truly learn the material.



Q What should I do if I'm consistently struggling with these problems?

A: If you're consistently struggling, revisit the core concepts, re-read explanations, practice more examples,
and consider seeking help from your teacher or classmates. Breaking down problems into smaller steps and

understanding each component of the formula is key.
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