Exploring Satellite Orbits

Bruce Peffley (brucenlynnpeff@earthlink.net)

& Robert Tuori (rtouri@newfieldschools.org)

Target Audience  - all could be used depending on interest/ability of the students


Activity 1 & 3 – regents earth science or 8th grade


Activity 2 – regents physics

NYS Standards

MST Standard 1 – Inquiry

MST Standard 4 – performance indicators

5.1n Centripetal force* 

5.1u The inverse square law applies to electrical* and gravitational* fields produced by point sources.
MST Standard 1 - Mathematical Analysis Process Skills
M1.1

· Manipulate equations to solve for unknowns

· Use dimensional analysis to confirm algebraic solutions.

Abstract

Students will explore various Internet websites that simulate the orbit of a planet around the sun and provide current orbital data about earth-orbiting satellites.  Using a simulation they will investigate characteristic of satellite orbits.  They will then use this information along with the centripetal force equation and Newton’s law of Universal gravitation to calculate other features of the satellites’ orbit (velocity, altitude, period of revolution).


Upon completion of the activity, students should be able to:

1. Find information about satellite orbits.

2. Calculate and predict orbital periods, satellite velocities, satellite altitude.
3. Understand how far above the earth satellites are actually orbiting.

Materials needed per pair of students



Computer with internet access


Compass


Scientific calculator

Sources


Gravitation 3.8 http://www.arachnoid.com/gravitation/small.html

Heaven Above http://www.heavens-above.com/
Time Requirement


Approximately two or three 40 min class periods

Version

7/19/02

Teacher page

Please note: grade level focus of the activities


Activity 1 & 3 – earth science


Activity 2 - physics
Engage  - 

· You can use the Heaven Above website http://www.heavens-above.com/ to show students about satellites that they can actually see at night.

· How many have looked at the sky at night?  What did you notice?

· Have you seen any moving objects?  What are they?  (difference between airplanes and satellites)
· What are some of these satellites?  What functions do they serve?
· Why do they follow different paths across the sky?
Explore

· Use the Activity 1 - Orbital motion simulation (Gravitation 3.8 at: http://arachnoid.com/gravitation/) - 

· Briefly demonstrate the basic features of the site.

Background information for teachers
This web site provides an interactive planetary system motion simulator that students can manipulate to observe some of the behaviors of orbiting bodies. This portion of the lesson can be conducted as a demonstration by the teacher or students can be taken to a computer lab to explore the simulator with guidance. Before students are set free to explore the simulator, they should be advised of several of the data features that can be manipulated.

1. Several different types of orbits are possible (accessed through the scroll-down menu). Simple orbit should be chosen.

2. Whenever Stop and New are clicked, a new simulation that reverts to the default settings begins.

3. The simulator can be run in either View (tracks the motion visually), Data (tracks the motion digitally and allows some starting parameters to be manipulated), or Setup mode (allows some important parameters such as gravitational constant to be changes).

4. In the Data mode, the X and Y coordinated for each body can be manipulated. The vx and vy boxes refer to the velocity in the X-direction and Y-directions, respectively. For some reason, the Y coordinate is reverse what would not normally used (i.e., a negative Y value is above the sun, while a positive Y value is below the sun). 

5. In Data, radius refers to the radius of the body, not the radius of the orbit. Unless specifically changed in Setup, Gravitation assumes that the density of the body remains constant so changing the radius changes the mass of the body.

· Students should then complete the worksheet - "Orbital Motion simulation"

Explain - 

· Use the Activity 2 - Comparing Satellite Orbits.

· They will need to use information from the Physics reference tables also.

· They may need help with the equation manipulations needed to find the velocity and period. 

· Do Activity 3 - Drawing a scale model of a satellite’s orbit
Activity 1- Orbital Motion Simulation

1) Choose Simple orbit from the drop down menu.

2) If you change the distance of the planet from the sun what do you think will happen to the orbit? 

3) Describe the orbit when you move the planet closer to the sun and also further away from the sun.   Try small changes first, then larger ones.

4) If you increase or decrease the velocity how do you think the orbit will change? 

 

5) Describe what happens to the shape of the orbit when you change the initial velocity? (click New, then Data, then change V​y)  Try small changes, then larger ones.

6) What will happen to the orbit if you change the mass of the planet? (In Data, changing the radius of the planet changes the mass of the planet).

7) Experiment - Now use the simulation to answer this question:  How does the initial velocity need to vary, to get a circular orbit, as you change the distance of the “planet” from the “sun”?

a) Be sure to include your hypothesis, any data you collect, and your conclusions.

b) Extension – devise a method you could use to predict the initial velocities needed to produce a circular orbit for any starting distance of the planet. 

Activity 2- Comparing Satellite Orbits 
Satellites are held in orbit by the force of gravity.  The force of gravity provides the centripetal force needed to cause the satellite to move in a circle.  Some satellites also follow elliptical orbits, but we won't consider those right now. There are two ways of describing how fast a satellite orbits. One is just the linear velocity (v = d/t, where d is the circumference of the orbit). The other is the period (the time to complete one orbit around the earth) Communication satellites are usually placed in geosynchronous orbits (period of 24 hours) so that they are always above the same spot on the earth's equator. What factors do you think will affect how fast a satellite orbits around the earth? Make a hypothesis describing how you think one of the factors you mentioned will affect the speed of the satellite's orbit.  Record your hypothesis.

Instructions

Part A – calculate information about the orbit of two satellites that orbit near the earth.

	Name of satellite
	average orbit height (km)
	Radius of orbit (m)
	orbital velocity (m/s)
	orbital period (hh:mm:ss)

	International Space Station (ISS) 
	390
	
	
	


1) Follow the instructions below to complete the table.  (clearly show your calculations)

a) Radius of orbit.  You'll need to add the orbit height to the earth's radius.  Change the radius to meters.  (Earth’s radius? __________ )

b) Orbital velocity  (v)

i. Since gravity is providing the centripetal force to keep the satellite moving in a circle, you can set these two forces equal.  What are the equations for these two forces?

ii. Rearrange the combined equation to solve for the velocity of the satellite.  Calculate the velocity and then record in the table. 

iii. Using the combined equation, confirm that the velocity units turn out to be m/s. 

c) Calculate the orbital period (T)

i. Using the orbital velocity, you can calculate the orbital period (time for one orbit around the earth)

ii. What is the equation for velocity?   How do you determine the distance traveled in one orbit? (remember it's essentially a circle)  Calculate the period and then record in the table.

Part B – other satellites further away

1) How high above the earth would a satellite need to be to have a geosynchronous orbit?

a) Convert its period to seconds (remember, there are 60 x 60 x 24 = 8.64 x 104 sec in 1 day).

b) Combine the two force equations from Part A, 1, b

Fgrav = Fcentr
G Me ms / r2 = ms v2 / r

G Me / r =  v2 

and [v = 2(r]

G Me / r =  4(r2 / T2
T2 (G Me / 4() =  r3 
This is Kepler's 3rd law of planetary motion, which you can use to find the radius of the satellite.

2) What is the period of revolution for the moon around the earth.  Show clearly how you calculated your answer.  Change your final answer to days 

Questions

1) What characteristic of the satellite is not needed to find its orbital velocity?  (hint: It canceled out of the equation for orbital velocity.)

2) Evaluate your hypothesis. What determines the speed of a satellite in orbit? 

Activity 3-Drawing a scale model of a satellite’s orbit

The International Space Station (ISS) orbits at approximately 390 km above the surface of earth. Using the compass provided, draw a scale model of earth showing the ISS in orbit. Be sure that your model fits entirely on one 8.5 x 11 in piece of paper and clearly indicate your scale.

Telstar 5, a geosynchronous communication satellite, orbits at approximately 35,780 km above the surface of earth. On the opposite side of the paper on which you drew the model of earth and ISS, draw a scale model of earth showing the Telstar 5 orbit. Be sure that your model fits entirely on one 8.5  x 11 in piece of paper and clearly indicate your scale.
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