Physics 20 
Unit B: Dynamics
Outcome 2: explain that gravitational effects extend throughout the universe.
explain, qualitatively, the principles pertinent to the Cavendish experiment used to determine the universal gravitational constant, G
define the term “field” as a concept that replaces “action at a distance” and apply the concept to describe gravitational effects
identify the gravitational force as one of the fundamental forces in nature
relate, qualitatively and quantitatively, using Newton’s law of universal gravitation, the gravitational constant to the local value of the acceleration due to gravity.
See class notes 
describe, qualitatively and quantitatively, Newton’s law of universal gravitation
1. Two students are sitting 1.50 m apart. One student has a mass of 70.0 kg and the other has  a mass of 52.0 kg. What is the gravitational force between them?
2. What gravitational force does the moon produce on the earth if the centers of the Earth and moon are 3.88 x 108 m apart and the moon has a mass of 7.34 x 1022 kg?
3. If the gravitational force between two objects of equal mass is 2.30 x 10-8 N when the objects are 10.0 m apart, what is the mass of each object?
4. Calculate the gravitational force on a 6.50 x 102 kg spacecraft that is 4.15 x 106 m above the surface of the earth.
5. The gravitational force between two objects that are 2.1 x 10-1 m apart is 3.2 x 10-6 N. If the mass of one object is 5.5 x 101 kg, what is the mass of the other object?
6. If two objects, each with a mass of 2.0 x 102 kg, produce a gravitational force between them of 3.7 x 10-6 N, what is the distance between them?
7. a. What is the gravitational force on a 70.0 kg object standing on the Earth's surface?
a. What is the gravitational force on a 35.0 kg object standing on the Earth's surface? (Use your answer to question 7 to reduce the calculations.)
b. What is the gravitational force on a 70.0 kg object that is 6.37 x 106 m above the Earth's surface? (Use your answer to question 7 to reduce the calculations.)
c. What is the gravitational force on a 70.0 kg object that is 3.18 x 106 m (NOTE: this is one-half the radius of the Earth) above the Earth's surface? 
8. The gravitational force between two small masses A and B when placed a short distance apart is 3.24 x 10-7 N. What is the gravitational force between these objects if the masses of both A and B are doubled and the distance between them is tripled? 
9. Three objects each with a mass of 10.0 kg are placed in a straight line 5.00 x 10-1 m apart as shown in the diagram. What is the net gravitational force on the center object due to the other two objects?
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10. Three objects A, Band C are placed 5.00 x 10-1 m apart along a straight line as shown in the diagram. If A and B have equal masses of 10.0 kg and C has a mass of 15.0 kg, what is the net gravitational force on B due to A and C?
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predict, quantitatively, differences in the weight of objects on different planets.
On the surface of the Earth an object has a weight (force due to gravity) of 76.3 N and a mass of 7.78 kg. Using this information, what is the gravitational field strength on the surface of the Earth.
Calculate the gravitational field strength on the surface of Mars. Mars has a radius of 3.43 x 106 m and a mass of 6,37 x 1023 kg. 
At what distance from the Earth's surface is the gravitational field strength 7.33 N/kg?
On the surface of Planet X an object has a weight of 63.5 N and a mass of 22.5 kg. What is the gravitational field strength on the surface of Planet X?


On the surface of Planet Y, which has a mass of 4.83 x 1024 kg, an object has a weight of 50.0 N and a mass of 30.0 kg. What is the radius of this planet?
What is the gravitational field strength 1.27 x 107 m (NOTE: this is twice the Earth's radius) above the Earth's surface?
Planet B has a mass of 4.00 x 1022 kg and a radius of 6.0 x 105 m. What is the gravitational field strength on the surface of Planet B? 
Two planets A and B have the same mass. However the gravitational field strength on the surface of Planet A is 1.20 times the gravitational field strength on the surface of Planet B. How does the radius of Planet A compare with the radius of Planet B? 
What is the weight of a 20.0 kg object on the surface of the moon? The mass of the moon is 7.34 x 1022 kg and the radius of the moon is 1.74 x 106 m.
Review
1. Two balls have their centers 2.0 m apart, as shown in the figure below. One ball has a mass of 8.0 kg. The other has a mass of 6.0 kg. What is the gravitational force between them?
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Two bowling balls each have a mass of 6.8 kg. They are located next to each other with their centers 21.8 cm apart. What gravitational force do they exert on each other? (6.5 x 10-8)
Assume that you have a mass of 50.0 kg. Earth has a mass of 5.97 X 1024 kg and a radius of 6.38 X 106 m. 
a. What is the force of gravitational attraction between you and Earth? 
b. What is your weight?
The gravitational force between two electrons that are 1.00 m apart is 5.54 X 10-71 N. Find the mass of an electron. (9.11 x 10-31 kg)
A 1.0-kg mass weighs 9.8 N on Earth's surface, and the radius of Earth is roughly 6.4 X 106 m. 
a. Calculate the mass of Earth.
b. Calculate the average density of Earth.
Two spheres are placed so that their centers are 2.6 m apart. The force between the two spheres is 2.75 X 10-12 N. What is the mass of each sphere if one sphere is twice the mass of the other sphere? (0.37 kg, 0.75 kg)
The Moon is 3.9 X 105 km from Earth's center and 1.5 X 108 km from the Sun's center. If the masses of the Moon, Earth, and the Sun are 7.3 X 1022 kg, 6.0 X 1024 kg, and 2.0 X 1030 kg, respectively, find the gravitational forces exerted by Earth and the Sun on the Moon. (1.9 x 1020N, 1.3 x 1015 N)
A force of 40.0 N is required to pull a 10.0-kg wooden toy boat at a constant velocity across a smooth glass surface on Earth. What force would be required to pull the same wooden toy boat across the same glass surface on the planet Jupiter?
A 1.25-kg book in space has a weight of 8.35 N. What is the value of the gravitational field at that location? (6.68 N/kg)
The Moon's mass is 7.34 X 1022 kg, and it is 3.8 X 108 m away from Earth. Earth's mass is 5.97 X 1024 kg.
a. Calculate the gravitational force of attraction between Earth and the Moon.
b. Find Earth's gravitational field at the Moon
Two 1.00-kg masses have their centers 1.00 m apart. What is the force of attraction between them? 6.67 x 10-11 N)
Two satellites of equal mass are put into orbit 30.0 m apart. The gravitational force between them is 2.0 X 10-7 N. What is the mass of each satellite?
Two large spheres are suspended close to each other. Their centers are 4.0 m apart, as shown in Figure 7-25. One sphere weighs 9.8 X 102 N. The other sphere has a weight of 1.96 X 102 N. What is the gravitational force between them?(8.3 x 10-9 N)
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Suppose the centers of Earth and the Moon are 3.9 X 108 m apart, and the gravitational force between them is about 1.9 X 1020 N. What is the approximate mass of the Moon? (7.2 x 1022 kg)
On the surface of the Moon, a 91.0-kg physics teacher weighs only 145.6 N. What is the value of the Moon's gravitational field at its surface?
The mass of an electron is 9.1 X 10-31 kg. The mass of a proton is 1.7 X 1O-27 kg. An electron and a proton are about 0.59 X 10-10 m apart in a hydrogen atom. What gravitational force exists between the proton and the electron of a hydrogen atom?(3.0 x 10-47)


Consider two spherical 8.0-kg objects that are 5.0 m apart. 
a. What is the gravitational force between the two objects?
b. What is the gravitational force between them when they are 5.0 X 101 m apart?
Find the value of g, acceleration due to gravity, in the following situations.
c. Earth's mass is triple its actual value, but its radius remains the same.
d. Earth's radius is tripled, but its mass remains the same.
e. Both the mass and radius of Earth are doubled.
What would be the strength of Earth's gravitational field at a point where an 80.0-kg astronaut would experience a 25.0 percent reduction in weight?
Earth's gravitational field is 7.83 N/kg at the altitude of the space shuttle. At this altitude, what is the size of the force of attraction between a student with a mass of 45.0 kg and Earth?
The asteroid Ceres has a mass of 7.0 X 1020 kg and a radius of 500 km. 
f. What is g on the surface of Ceres?
g. How much would a 90-kg astronaut weigh on Ceres?
The radius of Earth is about 6.38 X 103 km. A 7.20 X 103-N spacecraft travels away from Earth. What is the weight of the spacecraft at the following distances from Earth's surface?
h. 6.38 X 103 km
i. 1.28 X 104 km
How high does a rocket have to go above Earth's surface before its weight is half of what it is on Earth?
If you weigh 637 N on Earth's surface, how much would you weigh on the planet Mars? Mars has a mass of 6.42 X 1023 kg and a radius of 3.40 X 106 m.
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