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Objectives:

· Students will be able to define orbit.

· Students will be able to define trajectory as simultaneous horizontal and downward motion.

· Students will be able to explain how a satellite orbits the earth.

· Students will be able to work together to design a scientific satellite.

National Standards:

Content Standard B: As a result of their activities in grades 5-8, all students should develop an understanding of:

Forces and Motion

1. An object that is not being subjected to a force will continue to move at a constant speed and in a straight line.

2. If more than one force acts on an object along a straight line, then the forces will reinforce or cancel one another, depending on their direction and magnitude. Unbalanced forces will cause changes in the speed or direction of an object's motion.

Content Standard D: As a result of their activities in grades K-4, all students should develop an understanding of:

Earth in the Solar System

1. Gravity is the force that keeps planets in orbit around the sun and governs the rest of the motion in the solar system.

Vocabulary:

· Orbit

· Velocity

· Altitude

· Trajectory

· Momentum

· Gravity

· Satellite

Materials:

· Whoppers (Safer than marbles)

· Launching mechanism

· Rulers

· Worksheets

· Demonstration material

Background Information:


Orbit is a word we hear quite often. Every time the Space Shuttle lifts off the launch pad, we hear it. Every time the Space Shuttle meets up with the International Space Station (ISS), we hear it. And every time a rocket launches a payload, we hear the word "orbit." It's a widely used term, but do you know what an orbit really is?

An orbit is a regular, repeating path that one object in space takes around another one. An object in an orbit is called a satellite. A satellite can be natural, like the Earth or the Moon. It can also be man-made, like the Space Shuttle or the ISS.

In our solar system, the Earth and the eight other planets orbit the Sun. Most of the objects orbiting the Sun move along or close to an imaginary flat surface. This imaginary surface is called the ecliptic plane. Many planets also have moons. These moons orbit around them.

Orbits are elliptical in shape, this means they are similar to an oval. For the planets, the orbits are almost round. The orbits of comets have a different shape. They are highly eccentric or "squashed." Satellites that orbit the Earth are not always the same distance from the Earth. Sometimes they are closer, and at other times they are farther away. The closest point a satellite comes to the Earth is called its perigee. The farthest point is the apogee. The time it takes a satellite to make one full orbit is called its period. The inclination is the angle the orbital plane makes when compared with the Earth's equator.

An object in motion will stay in motion unless something pushes or pulls on it. This is Isaac Newton's First Law of Motion. Without gravity, an Earth-orbiting satellite would go off into space along a straight line. With gravity, it is pulled back toward the Earth. There is a constant tug-of-war between the satellites tendency to move in a straight line, or momentum, and the tug of gravity pulling it back.

An object's momentum and the force of gravity have to be balanced for an orbit to happen. If the forward momentum of one object is too great, it will speed past the other one and not enter into orbit. If momentum is too small, the object will be pulled into the other one and crash. When these forces are balanced, the object is always falling into the planet, but because it's moving sideways fast enough, it never hits the planet.

Escape velocity is the speed an object must go to break free from a planet's gravity and enter into orbit. Escape velocity depends on the mass of the planet. Each planet has a different escape velocity. The object's distance from the planet's center is also important. The escape velocity from the Earth is about 11.3 kilometers (7 miles) per second.

Orbital velocity is the speed needed to stay in orbit. At an altitude of 242 kilometers (150 miles), this is about 17,000 miles per hour. This is just a little less than full escape velocity.

Low-Earth Orbit (LEO) is restricted to the first 100 to 200 miles of space. LEO is the easiest orbit to get to and stay in. This is where the Shuttle and ISS conduct their operations. One complete orbit in LEO takes about 90 minutes.

Satellites that seem to be attached to some location on Earth are in Geosynchronous Earth Orbit (GEO). These satellites orbit about 23,000 miles above the equator and complete one revolution around the Earth precisely every 24 hours. Satellites headed for GEO first go to an elliptical orbit with an apogee about 23,000 miles. Firing the rocket engines at apogee then makes the orbit round. Geosynchronous orbits are also called geostationary.

Any satellite with an orbital path going over or near the poles maintains a polar orbit. Polar orbits are usually in low-Earth orbit. They remain in place while the Earth passes under. This means that eventually, the entire Earth's surface passes under a satellite in polar orbit.

When a meteorite enters our atmosphere and becomes a "shooting star," it is no longer in an orbit. Some space probes, like Voyager, have reached escape velocity and broken away from the pull of the Sun's gravity. These probes are leaving the solar system. They are not in orbit around a planet or the Sun. (Courtesy of NASA's Human Exploration and Development of Space Enterprise Published by NASAexplores: October 25, 2001)
Content: 

Predict: (Engagement and assessing prior knowledge)

Ask students if they know of what a satellite is. Define it as any object orbiting a celestial body. Discuss the difference between an artificial and a natural satellite.


Explain that satellites orbit the earth – circle around it in a curved path.

Imagine that you could climb an imaginary mountain whose summit pokes above the Earth's atmosphere (It would be about ten times higher than Mt. Everest). If you threw a baseball from the mountain top, it would fall to the ground in a curving path. This path is called its trajectory. 

Two forces act on the object to create its trajectory: Horizontal momentum, and the downward pull of gravity. The faster you throw the ball, the farther it will go before it hits the ground.

You can start to see how increasing force influences distance traveled.

Method: (Body of the lesson)


Have students launch Whoppers off their tables using mechanisms built with rubber bands and rulers. Students should take three to five measurements, each one using more force than the last. They should measure the distance the marble travels off the edge of the table and record it on their worksheets. 



Explain that more force applied to the whopper means that the whopper will go faster and travel farther. 


Demonstrate with a tube, string and two weights. Spin the tube around and observe the orbit becoming larger and larger as the speed increases.
If you could throw the ball at a speed of 17,000 mph, it would never reach the ground. It would circle the Earth in a curved path, otherwise known as orbit. (It would be traveling at 5 miles per second and take about ten minutes to cross the United States.) This is the speed needed to put satellites into orbit, which is why the Space Shuttle and other satellites have such powerful boosters.

Live-It: (Application assignment)
Have students in their groups design a satellite for scientific work. Have them draw a picture of what it will look like and draw a description of what it will do.


Putting a Satellite into Orbit

Name:___________________________________                  Period: __________

Define Satellite: __________________________________________________________

There are two types:

1. ___________________________________

2. ___________________________________

Define Orbit: ____________________________________________________________

Investigate:

	
	Cm pulled back:
	Distance traveled:

	Trial 1


	
	

	Trial 2


	
	

	Trail 3


	
	

	Trial 4


	
	


Define Trajectory: _______________________________________________________

The two forces that act on the satellite:

1. ___________________________________

2. ___________________________________

Conclusion:


Design a Scientific Satellite

Group: ________________________________________             Period: ________

Name of Satellite: _______________________________________________________

	


What does your satellite do? ________________________________________________________________________________________________________________________________________________________________________________________________________________________
