In addition to the basic physics concepts typically developed in an introductory undergraduate physics course, students will need to develop some familiarity with the density and temperature structures of the atmosphere using the primer on Law of Atmospheres:

OrbitalDragPrelabActivitySheet.doc 

OrbitalDragPrelabActivitySheet_key.doc
The students will need to have the lab hand out:
Provided in the Introduction file
The students will need to complete concept map:
OrbitalDrag_worksheet.doc
OrbitalDrag_worksheet_key.doc
The students complete simulation spreadsheet during the designated lab period
OrbitalDrag_s05.xls
OrbitalDrag_s05 key.xls
Instructors will evaluate with a post lab quiz/question set:
OrbitalDrag_postlab.doc
OrbitalDrag_postlab key.doc
The following questions may be used for evaluation or an instructor may use the post lab analysis document below the questions…key also included
1. (5 pts) Why is the simple law of atmospheres model not accurate at higher altitudes?

(a) The model assumes constant acceleration due to gravity throughout the atmosphere
(b) The model assumes constant mean molecular mass throughout the atmosphere
(c) The model assumes constant temperature throughout the atmosphere

(d) Both (a) and (b)

(e) All of (a), (b), and (c)
2. (5 pts) What parameters affect the drag force acting on a satellite?

(a) Altitude of the satellite
(b) Speed of the satellite
(c) Cross sectional area of the satellite
(d) All of the above

(e) Only (a) and (c)
3. (5 pts) What quantity below represents the amount of energy that is lost as a satellite orbits Earth?

(a) Kinetic energy of the satellite
(b) Gravitational potential energy of the satellite
(c) Work done on the satellite by the drag force
(d) Atmospheric density at the satellite’s altitude
4. (5 pts) As solar activity increases, the duration of a typical shuttle mission 

(a) decreases, because the atmosphere heats up which causes it to expand creating more drag.

(b) decreases, because the ozone in the upper atmosphere disassociates causing an increase in molecular kinetic energy which creates an increase in drag.
(c) decreases, because the atmosphere cools which causes it to becomes more dense creating an increase in drag.

(d) increases, because the atmosphere heats up which causes it to become less dense causing an decrease in drag.

5. (5 pts) As a satellite experiences drag, its gravitational potential energy increases / decreases.
6. (5 pts) As a satellite experiences drag, its kinetic energy increases / decreases.

7. (5 pts) As a satellite experiences drag, its total mechanical energy increases / decreases.
8. (5 pts) Which of the following represents the way you calculated the energy for each new orbit?

(a) 
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ORBITAL DRAG

Post-Lab Analysis

Postlab Score:  _____/ 60 (includes worksheets)
1.
(20 points) Please attach completed lab worksheets (one for each member of group).

· Make sure your flowcharts are filled out.

· Make sure you answer “The Big Picture” Questions on the back.

2.
(20 points) Using your spreadsheet from the lab, produce a plot of Altitude vs. Time for the Starshine 1 satellite from its initial altitude to when it strikes the ground.  Use a coefficient of drag of 0.5.  Attach a copy of the plot you produce.  You can find data for Starshine 1 at http://www.azinet.com/starshine/descript.htm.  (When you are finished compare your results to the plot on http://www.heavens-above.com/ssorbitdecay.asp?)  Write down and label any data you enter into your spreadsheet here.  Also include any calculations you have to make by hand.

3.
(5 points) As a satellite experiences drag, its total mechanical energy increases / decreases.

4.
(5 points) As a satellite experiences drag, its gravitational potential energy increases / decreases.

5.
(5 points) As a satellite experiences drag, its kinetic energy increases / decreases.

6.
(5 points) What quantity below represents the amount of energy that is lost as a satellite orbits Earth?

(c) Kinetic energy of the satellite
(d) Gravitational potential energy of the satellite
(e) Work done on the satellite by the drag force

(f) Atmospheric density at the satellite’s altitude
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Post-Lab Analysis

Postlab Score:  _____/ 60 (includes worksheets)
1.
(20 points) Please attach completed lab worksheets (one for each member of group).

· Make sure your flowcharts are filled out.

· Make sure you answer “The Big Picture” Questions on the back.

2.
(20 points) Using your spreadsheet from the lab, produce a plot of Altitude vs. Time for the Starshine 1 satellite from its initial altitude to when it strikes the ground.  Use a coefficient of drag of 0.5.  Attach a copy of the plot you produce.  You can find data for Starshine 1 at http://www.azinet.com/starshine/descript.htm.  (When you are finished compare your results to the plot on http://www.heavens-above.com/ssorbitdecay.asp?)  Write down and label any data you enter into your spreadsheet here.  Also include any calculations you have to make by hand.

	m, Mass of Starshine (kg) =
	39

	CD, Drag Coefficient =
	0.5

	A, Cross Sectional Area of Starshine(m2)=
	0.18

	hi, Initial Altitude (km) = 
	387


A = π((0.48 m)/2)2 = 0.18 m2.

See OrbitalDrag_s05_starshine key.xls for plot.

3.
(5 points) As a satellite experiences drag, its total mechanical energy increases / decreases.

4.
(5 points) As a satellite experiences drag, its gravitational potential energy increases / decreases.

5.
(5 points) As a satellite experiences drag, its kinetic energy increases / decreases.

6.
(5 points) What quantity below represents the amount of energy that is lost as a satellite orbits Earth?

(g) Kinetic energy of the satellite
(h) Gravitational potential energy of the satellite
(i) Work done on the satellite by the drag force

(j) Atmospheric density at the satellite’s altitude
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