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Properties of exponents 

In earlier chapters we introduced powers. 

x3=x⋅x⋅x 

There are a couple of operations you can do on powers and we will introduce them now. 

We can multiply powers with the same base 

x4⋅x2=(x⋅x⋅x⋅x)⋅(x⋅x)= x6 

This is an example of the product of powers property tells us that when you multiply powers with the same base you 
just have to add the exponents. 

xa⋅xb=xa+b 

We can raise a power to a power 

(x2)4 =(x⋅x)⋅(x⋅x)⋅(x⋅x)⋅(x⋅x)=x8 

This is called the power of a power property and says that to find a power of a power you just have to multiply the 
exponents. 

When you raise a product to a power you raise each factor with a power 

(xy)2=(xy)⋅(xy)=(x⋅x)⋅(y⋅y)=x2y2(xy)2=(xy)⋅(xy)=(x⋅x)⋅(y⋅y)=x2y2 

This is called the power of a product property 

(xy)a =xaya=xaya 

As well as we could multiply powers, we can divide powers. 

𝑥4

𝑥2=
𝑥∙𝑥∙𝑥∙𝑥

𝑥∙𝑥
=x4-2=x2 

This is an example of the quotient of powers property and tells us that when you divide powers with the same base 
you just have to subtract the exponents. 

If you need extra help or practice you can go to these websites and there are videos:  

• https://www.mathplanet.com/education/algebra-1/exponents-and-exponential-
functions/properties-of-exponents 

• https://www.khanacademy.org/math/algebra/x2f8bb11595b61c86:rational-exponents-
radicals/x2f8bb11595b61c86:exponent-properties-review/v/multiplying-and-dividing-powers-
with-integer-exponents 

https://www.mathplanet.com/education/algebra-1/exponents-and-exponential-functions/properties-of-exponents
https://www.mathplanet.com/education/algebra-1/exponents-and-exponential-functions/properties-of-exponents
https://www.khanacademy.org/math/algebra/x2f8bb11595b61c86:rational-exponents-radicals/x2f8bb11595b61c86:exponent-properties-review/v/multiplying-and-dividing-powers-with-integer-exponents
https://www.khanacademy.org/math/algebra/x2f8bb11595b61c86:rational-exponents-radicals/x2f8bb11595b61c86:exponent-properties-review/v/multiplying-and-dividing-powers-with-integer-exponents
https://www.khanacademy.org/math/algebra/x2f8bb11595b61c86:rational-exponents-radicals/x2f8bb11595b61c86:exponent-properties-review/v/multiplying-and-dividing-powers-with-integer-exponents
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The UNIVERSAL Gravitation Equation 

Newton's conclusion about the magnitude of gravitational forces is summarized symbolically as 

 

Since the gravitational force is directly proportional to the mass of both interacting 
objects, more massive objects will attract each other with a greater gravitational force. So as 
the mass of either object increases, the force of gravitational attraction between them also 
increases. If the mass of one of the objects is doubled, then the force of gravity between them 
is doubled. If the mass of one of the objects is tripled, then the force of gravity between them 
is tripled. If the mass of both of the objects is doubled, then the force of gravity between them 
is quadrupled; and so on. 

Since gravitational force is inversely proportional to the square of the separation 
distance between the two interacting objects, more separation distance will result in weaker 
gravitational forces. So as two objects are separated from each other, the force of gravitational 
attraction between them also decreases. If the separation distance between two objects is 
doubled (increased by a factor of 2), then the force of gravitational attraction is decreased by a 
factor of 4 (2 raised to the second power). If the separation distance between any two objects 
is tripled (increased by a factor of 3), then the force of gravitational attraction is decreased by a 
factor of 9 (3 raised to the second power). 

Thinking Proportionally About Newton's Equation 

Another means of representing the proportionalities is to express the relationships in the form 
of an equation using a constant of proportionality. This equation is shown below. 

 

The constant of proportionality (G) in the above equation is known as the universal 
gravitation constant. The precise value of G was determined experimentally by Henry 
Cavendish in the century after Newton's death. (This experiment will be discussed later in 
Lesson 3.) The value of G is found to be 

G = 6.673 x 10-11 N m2/kg2 

(N m2/kg2 is the unit of G) 

http://www.physicsclassroom.com/Class/circles/u6l3d.cfm
http://www.physicsclassroom.com/Class/circles/u6l3d.cfm
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The units on G may seem rather odd; nonetheless they are sensible. When the units on G are 
substituted into the equation above and multiplied by m1• m2 units and divided by d2 units, the 
result will be Newtons - the unit of force.  

Using Newton's Gravitation Equation to Solve Problems 

Knowing the value of G allows us to calculate the force of gravitational attraction 
between any two objects of known mass and known separation distance. As a first 
example, consider the following problem. 

Sample Problem #1 

Determine the force of gravitational attraction between the earth (m = 5.98 x 1024 kg) 

and a 70-kg physics student if the student is standing at sea level, a distance of 6.38 x 

106 m from earth's center. 

The solution of the problem involves substituting known values of G (6.673 x 10-11 N 
m2/kg2), m1 (5.98 x 1024 kg), m2 (70 kg) and d (6.38 x 106 m) into the universal 
gravitation equation and solving for Fgrav. The solution is as follows: 

  

Sample Problem #2 

Determine the force of gravitational attraction between the earth (m = 5.98 x 1024 kg) 

and a 70-kg physics student if the student is in an airplane at 40000 feet above earth's 

surface. This would place the student a distance of 6.39 x 106 m from earth's center. 

The solution of the problem involves substituting known values of G (6.673 x 10-11 N 
m2/kg2), m1 (5.98 x 1024 kg), m2 (70 kg) and d (6.39 x 106 m) into the universal 
gravitation equation and solving for Fgrav. The solution is as follows: 

 

For extra practice go to: 

• https://www.physicsclassroom.com/class/circles/Lesson-3/Newton-s-Law-of-Universal-

Gravitation 

https://www.physicsclassroom.com/class/circles/Lesson-3/Newton-s-Law-of-Universal-Gravitation
https://www.physicsclassroom.com/class/circles/Lesson-3/Newton-s-Law-of-Universal-Gravitation
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Law of Universal Gravitation: Use the notes on page 1, 3, and 

4 to help you solve the problems. 

1. What is the magnitude of the gravitational force between two 5.0-kilogram masses 

separated by a distance of 5.0 meters? 

VARIABLES WORK 

G=6.67 x 10-11m3 kg-1 s-2 

M1=5.0kg 

 

M2= 5.0kg 

 

d= 5.0m 

 

Fg=? 

 

 

2. A force of 500 N separates two objects. The distance between their centers is 67 m. 

The first object has a mass of 20 kg. What is the mass of the second object? 

VARIABLES WORK 

G=6.67 x 10-11m3 kg-1 s-2 

M1= 

 

M2= 

 

d= 

 

Fg= 
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3. The mass of moon is about 7.35 x 1022 kg. The mass of the earth is about 5.98 x 1024 

kg. If the centers of the two are 3.84 x 108 m apart, what is the gravitational force 

between them? 

VARIABLES WORK 

G=6.67 x 10-11m3 kg-1 s-2 

M1= 

 

M2= 

 

d= 

 

Fg= 

 

 

4. The mass of an electron is 9.11 x 10-31 kg. The mass of a proton is 1.67 x 10-27 kg. They 

are about 1.0 x 10-10 m apart in a hydrogen atom. What is the gravitational force 

between these two particles in the hydrogen atom? 

VARIABLES WORK 

G=6.67 x 10-11m3 kg-1 s-2 

M1= 

 

M2= 

 

d= 

 

Fg= 
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What is space? Project 

Use the video What is space? By Brian Greene that we watched in class to do this project. 

All you have to do is take a concept from the video and expand on it (use what was said in 

the video and add to it with your own research). This project can be an essay, poster, 

powerpoint, booklet, model, or etc.  

 

Comments: 

 

Score:                        /50 

Category Score of 10 Score of 7 Score of 4 Score of 0 

Required 

Elements 

Goes over and 

above all the 

required 

elements stated 

in the directions 

& instructions. 

Includes all of the 

required elements as 

stated in the 

directions/instructions. 

Missing one or more of 

the required elements 

as stated in the 

directions/instructions. 

Several required 

elements are 

missing from the 

project. 

Creativity Exceptionally 

clever and 

unique in 

showing deep 

understanding. 

Thoughtfully and 

uniquely presented; 

clever at times in 

showing understanding 

of the material. 

A few original touches 

enhance the project to 

show some 

understanding of the 

material. 

Shows little 

creativity, 

originality and/or 

effort in 

understanding the 

material. 

Neatness & 

Attractiveness  

Exceptionally 

attractive and 

particularly neat 

in design and 

layout. 

Attractive and neat in 

design and layout. 

Acceptably attractive 

but may be messy at 

times and/or show lack 

of organization. 

Distractingly 

messy or very 

poorly designed. 

Does not show 

pride in work. 

Understanding 

of Content 

Shows a 

sophisticated 

understanding of 

the material.  

Shows an 

understanding of the 

material. 

Displays a somewhat 

limited understanding 

of the material. May 

have a few 

misinterpretations. 

Does not show an 

understanding of 

the material. Has 

quite a few 

misinterpretations. 

Overall 

Effectiveness & 

Completeness 

Project is 

engagingly 

organized and 

presents material 

that is 

captivating for 

the viewer. 

Project is somewhat 

organized, complete, 

and holds the attention 

of the viewer. 

Project is disorganized 

and incomplete at 

times and is somewhat 

able to hold the 

attention of the viewer. 

Project is 

incomplete and not 

easy to follow.  



Physics 
Name: 
Period:  

8 | P a g e  
 

If you have any questions email me at 

Enriqueta.torres@bobhopeschool.org or 

use the remind app.  
 

 

mailto:Enriqueta.torres@bobhopeschool.org

