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Bungee Jump 


(Deadline: August 7,1996)


Specifications


�
�


A bungee jumper is preparing to make a high-altitude jump from a hot air balloon using a 150-meter bungee line. He wants to estimate his peak acceleration, velocity, and drop distance so that he can be sure that the arresting force of the bungee is not too great, and that the balloon is high enough so that he will not hit the ground. The equation that he uses for his analysis is Newton's Second Law:


� EMBED Equation.2  ���





where F is the sum of the gravitational, aerodynamic drag, and bungee forces acting on him, m is his mass, which is 70 kg, and a is his acceleration. He begins by defining the distance he falls as the variable x (which is a function of time, x(t)). His velocity and acceleration are then represented as x' and x", respectively. He then rearranges Newton's equation to solve for the acceleration:





� EMBED Equation.2  ���





Next, he determines the forces making up F. The gravitational force will be his weight, which is





� EMBED Equation.2  ���





He knows that the aerodynamic drag, D; will be proportional to the square of his velocity, � EMBED Equation.2  ���, but he does not know c, the constant of proportionality. However, he does know from his experience as a skydiver that his terminal velocity in a free-fall is about 55 m/s. At that speed, the aerodynamic drag is equal to his weight so he determines c using:





� EMBED Equation.2  ���





Finally, after he has fallen 150 m, the slack in the bungee will be eliminated, and it will begin to exert an arresting force, B, of 10 N for every meter that it is stretched beyond 150 m. Thus, there will be two regions for computing the acceleration. The first will be used when the distance x is less than or equal to 150 m:





� EMBED Equation.2  ���(Equation 1)


The second equation will be used when x is greater than 150 m:


� EMBED Equation.2  ���(Equation 2)


Do the following, and answer the questions.





Integrate Equation 1 for the interval beginning at 0 seconds to find the velocity and distance as a function of time from the beginning of the jump (which is assumed to occur at t = 0.0). From the results, determine the velocity and the time when x = 150 (this is the point at which the slack in the bungee is eliminated). You may need to experiment with the time interval in order to choose an interval that will give you the velocity and time desired.





Modify the program used for part 1 so that it will use Equation 2 instead of Equation 1 to find the velocity and distance after the bungee becomes taut. Also compute the acceleration. 


What are the peak values of acceleration, velocity, and distance? 


The bungee jumper does not want the maximum acceleration to exceed 2 g's (1 g = 9.8 m/s2). Is the estimate of the peak acceleration higher or lower? How close does he come to reaching the estimated terminal velocity of 55 m/s? 


How many seconds does he fall? 


How high should the balloon be to ensure a factor of safety of 4?





 Assume that the bungee also has a viscous friction force, R, once it begins to stretch, that is given by:





� EMBED Equation.2  ���





Modify the equation used for part 2 to include this force and determine the new results. How many seconds does it take for the bungee jumper to almost come to rest (or for the oscillations to almost stop)? 


What is the final stretched length of the bungee? Does this make sense?





Determine the length of the bungee that will cause the peak acceleration to be close to 0.8 g's. How far below the balloon does the bungee jumper fall before he starts back up?





Determine the arresting force per meter that will cause a peak upward acceleration of approximately 1.5 g's.





From his experience as a skydiver, the bungee jumper knows that if he dives straight down such that he is streamlined into the wind, he could reach a speed of about 120 m/s. 


Determine the new value for the aerodynamic drag constant of proportionality c which corresponds to this situation and recompute the results of part 2. 


Next, assume that the bungee is 300 meters long and determine the jumper's peak velocity, the maximum g level, and how far below the balloon the jumper falls if he dives such that he is streamlined into the wind. Does he reach the 2 g limit? 


Plot the net force acting on the bungee jumper as a function of time. Can you explain the appearance of the graph?





Rules :


Use the Runge-Kutta Method (which you should implement) throughout your program.


All questions 1-6 should be answered by your program. So, you should include comments which are to be displayed on a Figure or the Workspace. Use graphs whenever possible.


Your diskette (3.5’) MUST include a file p3.m which handles all the necessary control flow. A menu is preferred. 


Since there are a lot of calculations to be done in case of an error we can not modify your programs so that they work correctly. You are responsible to correct all the errors before submission (e.g. paths, etc.)


Try to write efficient programs by using Matlab’s vectorized operations.
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