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Projectile Motion PreLab

Instructions: Prepare for this first lab experience by answering the following questions. Note that this is a PreLab, and that PreLabs must be turned in at the start of the lab period. Time will not be given in lab to perform PreLab activities; after the start of lab activities PreLabs will not be accepted. In the Student Lab Handbook (see http://www.phy.ilstu.edu/slh/), read the following sections and then answer the questions below. Restrict your responses only to the space provided; think carefully before you write.

· Error Propagation

· Glossary (especially questions 28-35)

A projectile is launched horizontally from the edge of a tabletop with speed v. The tabletop is located h meters above the floor. The acceleration due to gravity is g. Using your knowledge of kinematics, show that the horizontal distance, s, that the projectile traverses before hitting the floor is given by the following relationship:


[image: image1.wmf]
Calculate the mean and mean deviation of the following set of randomly distributed numbers:

	8.9
	6.8
	4.0
	5.8
	2.7
	6.5
	1.9
	9.5
	6.2
	4.7

	5.7
	2.9
	8.3
	7.1
	0.3
	5.2
	8.4
	5.1
	8.4
	3.6


Arithmetic mean:




Mean deviation:






Why would it be incorrect to assume that about 68% of all data points in the above set would lie within one standard deviation of the mean?
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Projectile Motion Guidelines

Objectives: At the conclusion of this lab activity, the student will have demonstrated the ability to efficiently and accurately:

· use LoggerPro’s video analysis feature to analyze the two-dimensional motion of a projectile. This includes setting up graphs for analysis, analyzing a video, and performing analysis of data to determine initial conditions such as acceleration due to gravity, launch angle, etc.

· cite experimental evidence for the independence of horizontal and vertical motions in a projectile.

· verify experimentally the theoretical relationship between position and time for a projectile.

· conduct dimensional and error analysis of a projectile experiment.

Task 1: Analyze the two-dimensional motion of a projectile

a. Start the application LoggerPro found on the desktop of your lab computer. Under the program’s File menu, open Experiments and look for the Tutorials folder. Open the Tutorials folder and select the file 12 Video Analysis.xmbl. Using the 2-page tutorial provided, learn how to perform analysis of two-dimensional motion. Note that the program’s curve-fitting procedures are identical to those of the now familiar computer program Graphical Analysis produced by the same company.

b. Offset the X, Y, and time coordinates so that the first image point has the (x, y, t) coordinates of (0, 0, 0). (To adjust the X, Y coordinates, you can either use the third button down on the right or use a column formula; the time offset must be done using a column formula.) Use Analyze: Examine to determine the coordinates of the first point. Use Data: New Calculated Column to add or subtract the appropriate values of distance or time to achieve the required (0, 0, 0) space-time coordinate for the first plotted point. 

c. Examine the graph of horizontal position (X) versus time. Perform a regression analysis to get the best-fit equation for the graphed data points, and then answer the following questions. 

Q1.
Look at your graph of horizontal position (X) versus time. What can you say about the shape of the best-fit regression equation? 

Q2.
What does the slope of this line say about initial horizontal velocity?

Q3.
What is the horizontal acceleration?

Q4.
Is the horizontal velocity in any way dependent upon the vertical position or velocity?

d. Examine the graph of vertical position (Y) versus time. Perform a regression analysis to get the best-fit equation for the graphed data points. When doing your curve fit, use a quadratic regression formula. Answer the following questions.

Q5.
Look at your graph of vertical (Y) position versus time. What can you say about the acceleration as derived from the best-fit regression equation?

Q6.
What does the form of this best fit say about initial vertical velocity?

Q7.
What is the minimum vertical velocity of the projectile?

Q8.
At what point in the flight path does the minimum vertical velocity occur?

Q9.
What is the initial overall velocity (speed and direction expressed as degrees above the horizontal) of the launched projectile?

Task 2: Indirectly determine the horizontal launch velocity of a projectile.

a. You should have shown during your PreLab that the range, s, of a horizontally launched projectile is related to the launch velocity, v, the height of the projectile above the floor, h, and the acceleration due to gravity, g, is of the following form:
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Q10.
What is v in terms of s, h, and g? 

b. Using the provided materials (curved ramp, ball bearing, carbon paper, string, mass, plumb bob, and meter stick), conduct an experiment to determine the mean and standard deviation of the velocity of the projectile at launch. Assume that g = 9.81 m/s2. Make at a minimum ten (10) determinations of the range – the horizontal distance of flight. (Note: Sandwich the carbon paper ink side down between two sheets of ordinary writing paper. Tape sheets individually into place. After all landing marks have been made, remove the top two sheets leaving the sheet with the landing marks in place.)

Q11. What is the mean range of the ball?

Q12. What is the mean speed of launch of the ball bearing?

Q13. What is the best estimate of the height of the table above the ball bearing’s landing spot on the floor?

Task 3: Perform error analysis to determine the uncertainty in the horizontal launch velocity.

Q14. What is the best estimate of the error in the determination of the height of the table above the ball bearing’s landing spot on the floor?

Q15. What is the mean deviation of the range of the ball?

a. Given the initial relationship between s, v, h, and g, a knowledge of the uncertainties in s and h (s and h respectively) and assuming g = 9.8m/s2 precisely, use error propagation to show that the maximum uncertainty in v is given by the following relationship:
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Start this calculation by using the relationship under Task 2, part a. Remove the square root sign and any terms in the denominator before replacing terms.

Q16. How did you arrive at the above relationship? (Show all work starting with the initial relationship in s, v, h, and g.)

b. Given your mean values of the launch velocity and range, your best estimate of the height, and your uncertainties in both range and height, determine the maximum error in launch velocity.

Q17. What is the maximum error in launch velocity?
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