Physics 211R: Recitation

Bow and Arrow: Work and kinetic energy
Notes:

· A maximum of three students will be allowed per group.

· In the event that a group of four students must be formed, you need to check with your TA before starting to work on the activity.

· All the members of the group must participate in the activity. If a student is not participating (even when present) s/he may receive a score of zero in the activity.

· Students arriving 10 minutes or more past start will not be admitted.

· This activity must be returned at the end of the recitation period. All the students completing the activity must be present when handing this to the TA, otherwise that student may not get credit.

· Writing the name of a person not present is not permissible and may result in a potential academic integrity violation being processed.

· After you receive the graded report back, you should make a copy of the front page (this page) and keep it for you records. This will serve as evidence of your grade for this activity.
· You are responsible for checking your grade (in the course website) and report any mistakes to your TA within two weeks after the activity.
Date: ________________

Enter your name as it appears in your PSU registration, no nicknames please.

Section #: ________________

Name: _______________________________________

Name: _______________________________________

Name: _______________________________________
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Goal:

Understand the relationship between kinetic energy, potential energy, and work. 

Background:

A bow is just a spring with an unusual shape. As the arrow is drawn back on the bowstring, the body of the bow flexes and stores potential energy. However, unlike an ideal spring, the force exerted by the bowstring is not necessarily proportional to the distance that the bowstring is displaced. 

Old-fashioned English longbows were extremely difficult to use. These wood self bows acted roughly like ideal springs with spring constants up to 500 Newtons / meter. Arrows were typically 0.8 meters long, so to fire a flexed bow required the user to hold the bow steady while exerting a force of about (500 Newtons / meter)(0.8 meter) = 400 Newtons = 90 lb. Years of training were required to master the English longbow. 

The most popular modern bow has eccentric pulleys on either end which cause it to act like a very non-ideal spring. The force required to pull a modern bow does not increase linearly with distance. In fact, although a maximum force of 60 lbs may be necessary during the pull of a modern compound bow, the force necessary to hold it when fully drawn is much smaller, perhaps only 20 lbs. The modern bows are much easier to hold steady when drawn. 

Activity:
We will measure the force versus distance relationship for a modern compound bow and thereby estimate the energy stored in the bow when fully drawn. 

Since we have only one bow, the entire class will make use of a single data set taken at a previous time. The easiest way to measure the force required to displace the bowstring is to hang the bow from the ceiling and have one person pull down on the bowstring while standing on a scale. Measure the reduction in the normal force from the ground as a function of the displacement of the bowstring. This has been done for you and is summarized below.  The mass of the person is 80 kg which equates to a weight of 784 N.

We shall assume that all of the work done on the bowstring is stored in the bent bow. By integrating the force versus length, determine the amount of energy stored in the bow at full extension. 

As the arrow is released, this energy is converted into the kinetic energy of motion of the arrow, the string, and the body of the bow. Ideally, most of the energy is converted into the kinetic energy of the arrow. 

Write Up:
Next you will make a plot of the force exerted by the bowstring as a function of the displacement of the string and answer the following questions: 

1. Show Force diagrams explaining how you can determine the force exerted by the bowstring from the setup with a hanging bow the string of which is grasped by a person on a scale.

2. Determine the force exerted on the bowstring and make a plot of this Force vs. Distance (see the table provided at the end of the activity).  Be sure to scale the axis. 

3. How much energy is stored in the bow at maximum extension?   Call this energy, Ebow.
4. What is the velocity of the arrow as it leaves the bow?  Assume the arrow has mass, M, and  that 20% of the energy stored in the bow is lost to friction and air resistance.  Put your answer in terms of Ebow and M.
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	Distance(m)
	Force (N)
	Force(bow)

	0.00
	784.00
	

	0.05
	747.74
	

	0.10
	710.99
	

	0.15
	675.22
	

	0.20
	636.02
	

	0.25
	618.38
	

	0.30
	612.50
	

	0.35
	636.02
	

	0.40
	670.32
	

	0.45
	686.00
	


