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Physics 20

Chapter 5:
Newton’s Laws can explain circular motion

Key Terms and Concepts:

· artificial satellite
· axis of rotation

· axle

· centripetal acceleration

· centripetal force

· eccentricity

· extrasolar planet

· frequency

· Kepler’s laws

· period

· orbital period

· orbital perturbation
· orbital radius

· satellite

· uniform circular motion
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Key Equations
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Textbook web support:



www.pearsoned.ca/school/physicssource
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5.1
Defining Circular Motion
Read pages: 242 - 247
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Hyper link on photo gyroscope

Axel


-    
shaft on which a wheel rotates
axis of rotation
- 
the imaginary line that passes through the centre of 

rotation
Uniform circular motion
- motion in a circular path at a constant velocity
The velocity of a particle at any instant as it moves in a circular path will be tangent to a line drawn from the centre of the circle to the particle.
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Circular motion
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Centripetal Motion
· is motion of any particle moving in a circular path

· if an object is moving in a circular path then it will be accelerating
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Centripetal Acceleration  
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· acceleration acting towards the centre of a circle
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Centripetal Force 
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· is the force acting toward the centre of a circle

· this force causes the object to move in a circular path
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Misconceptions about Centripetal Force
· it is mistakenly thought that centripetal force pulls outward away from the centre of a circle

· so why when you swing a ball on the end of a rope does the ball pull outward away from your hand?
· Think: 

· what causes the ball to continue moving in a circular path?

· What happens when you let go of the rope?
· Newton’s 3rd Law

· When you are pulling on the rope inward the ball is pulling on your hand outward.

· Force A on B  = - Force B on A
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Centrifugal Force
· the outwards force is sometimes referred to as centrifugal force

· although centrifugal force is an imaginary force, nothing causes it

· centrifugal force only exists because of Newton’s 3rd Law

Applet link:


Alberta PhysicsSource - Circular Motion, Work and Energy
Horizontal centripetal motion
5.2
Circular Motion and Newton’s Laws


Read pages 248 – 267

Cycle

· is one complete revolution or rotation

Period, T

· is the Time required to make one complete revolution
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Frequency, f

· is the number of revolutions made in one second
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Speed  =    distance      so       speed  =  circumference



Time



        period

Centripetal Velocity
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r 
– radius of rotation


T 
– period of rotation

Example

1.
Bart swings a ball on the end of a 80 cm string, the ball makes 5 revolutions in 12s.


a.
what is the period?


b.
what is the frequency?


c.
what is the centripetal velocity?

Centripetal Acceleration
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Centripetal Force
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Examples
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2.
A merry-go-round wheel has a diameter of 4.0 m and makes 3 revolutions in 5.0 s, Maggie has a mass of 25 kg and sits on the outside of the merry-go-round.

a.
what is the period?


b.
what is the centripetal velocity?


c.
what is the centripetal acceleration?


d.
what is the centripetal force on 

Maggie?


Assignment:

N & P

P. 137: 1 – 11
5.2
Circular Motion and Newton’s Laws  II

Warm-up question

1.
A car has a mass of 1400 kg and is going around a corner that has a radius of 100 m, the coefficient of friction between the car and the road is 0.650. What is the maximum speed the car can go around the corner without sliding off the road?

Solution:

The centripetal force on the car must be less than the force due to friction on the car.
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i.
Force due to friction



[image: image9.wmf](0.65)(1400)(9.81)

8927

f

f

f

f

FF

Fmg

F

FN

m

m

^

=×

=×

=

=

vv

v

v

v


ii.
Force centripetal must be less than 8927 N
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Vertical Centripetal Motion

When working in the vertical plane with centripetal motion we must now consider gravity. All problems that involve vertical centripetal motion now become a Net Force Problem.
Consider the following:

2.
A ball with a mass of 200 g is swung on the end of a string that is 40cm long. The ball makes 5 revolutions in 2.4 s.

a.
What is the period of rotation?
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b.
What is the centripetal velocity?
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c.
What is the net force on the ball, at the top of the swing?
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the net force at the top of the loop 

will be less

d.
What is the net force on the ball, at the bottom of the swing?
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The net force at the bottom of the 
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[image: image76.jpg]Planet moves distance x
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Loop will be greater
3.
The cars on a rollercoaster have a mass of 1200 kg, and travel in a vertical loop-de-loop that has a radius of 30 m. What speed must the rollercoaster maintain to complete the loop?
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Solution

Force centripetal must be greater


than the force due to gravity.
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5.3
Circular Motion and Newton’s Laws I

Read pages 269 - 286

Kepler’s Laws

· Johannes Kepler (1571 – 1630), German mathematician

1st Law

· All planets in the solar system have elliptical orbits with the Sun at one focus.
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All objects in space will travel in elliptical orbits with a major mass (gravitational object) at one focus.
· The more elliptical the orbit the higher the eccentricity.

· The more circular the lower the eccentricity.

How to draw an ellipse:
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2nd Law

· A line drawn from the Sun to a planet sweeps out equal areas in an equal amount of time.

· As a planet orbits a Sun it will travel faster as it is closer to the Sun and it will travel slower as it is farther away. The speed of a planet (satellite) in orbit is not constant.
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Hyper link: Kepler’s 2nd Law animation
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3rd Law

· The ratio of a planet’s orbital period (T) squared to its orbital radius (R) cubed is constant (Kepler’s Constant).
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T – is period of orbit







R – is radius of orbit

Example:
1.
The Earth has an orbital radius of 149,600,000 km (1.496 x 1011 m) and a period of orbit of 365 days (1 year).

a.
What is the Kepler constant for the Sun (m/d and m/yr)
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b.
Jupiter has an orbital radius of 778,330,000 km (7.783 x 1011m) using the Kepler constant above what is the period of orbit of Jupiter is days and years.
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Show Video:
Mechanical Universe 21



Kepler’s Laws (25 min)

Examples:

2.
Using the data table on page 273, 

The radius of orbit for Pluto is 5.91x1012 m, what is the orbital period of Pluto in Earth years?
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3.
Earth’s moon orbits the Earth with a radius of 384,400,000 m and a period of rotation of 27.4 days or 658 hours. What is the period of the Hubble Space telescope that orbits the Earth at an altitude of 565.5 km above the Earth’s surface?



R = [RE + alt (m)] = 6.37 x 106 m + 565.5 x 103 m

[image: image92.jpg]



Hyper link:  J – Track
Hyper link:
Hubble 

images

Assignment:

Gravity & Kepler wkst
(refer to text page 273)

5.3
Circular Motion and Newton’s Laws II

Newton’s Cannon and Satellites
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Moving Up:  Newton Puts the Cannon on a Very High Mountain

Newton asked the question:  what if we put the cannon on a really high (imaginary, of course!) mountain above the atmosphere and fired the cannon really fast?  The cannonball would still fall 5 meters in the first second (ignoring the minor point that g goes down a bit on a really high mountain), but if it’s going fast enough, don’t forget the curvature of the earth!  The surface of the earth curves away below a horizontal line, so if we choose the right speed, after one second the cannonball will have reached a point where the earth’s surface itself has dropped away by 5 meters below the originally horizontal straight line.  In that case, the cannonball won’t have lost any height at all—defining “height” as distance above the earth’s surface.  

Furthermore, “vertically down” has turned around a bit (it means perpendicular to the earth’s surface) so the cannonball is still moving “horizontally”, meaning moving parallel to the earth’s surface directly beneath it.  And, since it’s above the earth’s atmosphere, it won’t have lost any speed, so exactly the same thing happens in the next second, and the next—it therefore goes in a circular path.  Newton had foreseen how a satellite would move—here’s his own drawing, with VD, VE and VF representing the paths of successively faster shots:

Newton’s Cannon Animation
How Does a Satellite Stay in Orbit?


Forces are balanced
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Force Gravitational = Force Centripetal (Centrifugal)
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Speed of a Satellite


Period of a Satellite
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Examples

1.
The COBE Satellite (Cosmic Background Explorer) orbits the Earth at an altitude of 899 km above the Earth’s surface.


a.
what is the orbital speed of the satellite?


b.
what is the period of orbit?

Cosmic Background Explorer

[image: image13.jpg]Cosmic Background Explol






2006 Nobel Prize in PhysicsCongratulations to Dr. John Mather, JWST Senior Project Scientist at NASA Goddard Space Flight Center, and Dr. George F. Smoot, UC Berkeley, for being selected to receive the  "for their discovery of the blackbody form and anisotropy of the cosmic microwave background radiation" using the Cosmic Background Explorer (COBE). For more on this event, visit NASA News.

The COBE satellite was developed by NASA's Goddard Space Flight Center to measure the diffuse infrared and microwave radiation from the early universe to the limits set by our astrophysical environment. It was launched November 18, 1989 and carried three instruments, a Diffuse Infrared Background Experiment (DIRBE) to search for the cosmic infrared background radiation, a Differential Microwave Radiometer (DMR) to map the cosmic radiation sensitively, and a Far Infrared Absolute Spectrophotometer (FIRAS) to compare the spectrum of the cosmic microwave background radiation with a precise blackbody. Each COBE instrument yielded a major cosmological discovery:

2.
The ISS orbits the Earth at altitudes between 320 – 350 km above the surface of the Earth?


a.
what is the orbital speed of the ISS?


b.
what is the period of orbit?

Geosynchronous satellites

· orbit the Earth such that they are always above the same point with reference to the Earth

· have an orbital period of 23:56.5 (24 hours)

· have a specific orbital radius and altitude

There are 367 geosynchronous satellites operating by the end of 2004. The total estimated cost of these satellites is about $ 105 billion including launch. 

308 are commercial satellites
51 are for military applications
8 are for civilian research. 








J track Hyperlink
3.
a.
What is the radius and altitude of a satellite that maintains a 
geosynchronous satellite?


b.
What is the speed of a geosynchronous satellite.

Assignment:

N& P

P. 164: 1 – 6




Text

P. 286: 1 – 15
Applications of Satellites, Artificial Satellites
NASA Satellite Facts

NASA J Track
1.
Low Orbit Satellites



- orbit at altitudes between
400 – 800 km


- have an orbital period of
90 - 100 min


- have an orbital speed of

7.67 - 7.454 km/s


- used for: monitoring, surveillance, science, communications
2.
Geosynchronous Satellites



- orbit at an altitudes of  

35800.5 km


- have an orbital period of 
23:56.5


- have an orbital speed of

3.073 km/s


- used for: television, and communications

3.
GPS, Global Positioning System

- 
uses a time stamp from 

several satellites to locate 
where you are on the surface

of the Earth

· you will be at the 

intersection of three of 
more time bubbles

· the more satellites the greater 

the accuracy


Applications:



navigation, tracking cars &



packages, surveying, farming,



running, 

	Global Positioning System satellites transmit signals to equipment on the ground. GPS receivers passively receive satellite signals; they do not transmit. GPS receivers require an unobstructed view of the sky, so they are used only outdoors and they often do not perform well within forested areas or near tall buildings. GPS operations depend on a very accurate time reference, which is provided by atomic clocks at the U.S. Naval Observatory. Each GPS satellite has atomic clocks on board. 

 

	[image: image14.jpg]GPS Constellation





	Each GPS satellite transmits data that indicates its location and the current time. All GPS satellites synchronize operations so that these repeating signals are transmitted at the same instant. The signals, moving at the speed of light, arrive at a GPS receiver at slightly different times because some satellites are farther away than others. The distance to the GPS satellites can be determined by estimating the amount of time it takes for their signals to reach the receiver. When the receiver estimates the distance to at least four GPS satellites, it can calculate its position in three dimensions. 

	There are at least 24 operational GPS satellites at all times. The satellites, operated by the U.S. Air Force, orbit with a period of 12 hours. Ground stations are used to precisely track each satellite's orbit. 

 

	Determining Position
A GPS receiver "knows" the location of the satellites, because that information is included in satellite transmissions. By estimating how far away a satellite is, the receiver also "knows" it is located somewhere on the surface of an imaginary sphere centered at the satellite. It then determines the sizes of several spheres, one for each satellite. The receiver is located where these spheres intersect. 

Click here for a detailed description of how this works. 
	[image: image15.jpg]Determining Position







How did they discover Neptune?

If you had a quiz question in school that asked what year Neptune was discovered, you'd probably choose 1846. But Neptune wasn't discovered the way all the other planets in our solar system were. Astronomers didn't scan the sky with their telescopes to find Neptune. They used math instead! 

After the discovery of Uranus, scientists were having trouble figuring out the planet's orbit. They realized that there must be another planet farther out than Uranus. They were right! French astronomer Leverrier and English astronomer John Couch Adams made the mathematical calculations of where Neptune should be and German astronomer Johann Galle observed it. Talk about an international effort! 

Neptune is the eighth planet in our solar sytem (most of the time, anyway). 


Discover Neptune: 


Windows to the Universe

The Nine Planets SEDS
Chapter Review:

Text

P. 288
� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





Assignment:


N&P	P. 142: 1 - 8
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