Physics 2A
Experiment 4:  Energy and Power
Introduction:  The concepts of work, energy and power are not only important for the resolution of many practical problems in physics, but they provide the opportunity for greater understanding.  In this experiment you will verify the law of mechanical energy conservation, measure your maximum power output, and become more familiar with energy, power and their units by answering some interesting questions that concern food and your home utility cost.                 

Theory:   

Part 1:  The Conservation of Mechanical Energy
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                                     From The Conservation of Mechanical Energy:
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From Freebody Analysis:
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Part 2: Your Maximum Power



Procedure:

Part 1: The Conservation of Mechanical Energy

1. Open the file CnsvEnergy.ds located in the DataStudio2A folder shown on the desktop. The window will display a Force vs. Time graph (which is associated with Force Sensor) and a digital Position window (which is associated with Motion Sensor). 
2. Measure and record the weight of the ball, wb in Data section of Part 1. To do this, gently lift the mass up a little to relieve the tension in the string and press the “tare” button located on the force sensor to zero the device (Note this procedure should be done before each run). Then let the mass hang, not swing, click the “Start” button on the computer display and collect data for 1-2 seconds. The data will be collected in the Force vs. Time graph. Box in the data and find the mean value, which is the weight in newtons (N).  
3. Measure and record the distance the ball is from the motion sensor at its lowest point, h1, the distance the pendulum support is from the motion sensor, h0, and the distance the locator rod is from the motion sensor, h2. This is done by simply placing the motion sensor under the ball, under the support, and under the locator rod (an index card under each target may be needed), clicking “Start” and noting the distance indicated in the window on the computer display. 
4. Measure and record the diameter of the ball, D in the Data section of Part 1. 
5. Raise the ball up to the bottom of the locator rod, click “Start”, and release the ball. Allow the pendulum to swing through several cycles, and then click “STOP”.  On the computer screen will be a graph that is sinusoidal, the period being that of the pendulum, and the amplitude showing the variation of the tension as the pendulum swings.  Note and record in Table the maximum value is the highest point on the graph, of the force for the first pass. To find the values on the graph click the “Smart Tool” button[image: image7.wmf](
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 and the cursor changes to a cross-hair when you move it into the display area of the graph. 
6. Repeat step 5 two more times for a total of three trials.
Part 2: Your Maximum Power

1. Measure your mass on a laboratory scale.


2. Use a steel measuring tape (metric) to measure the vertical displacement of two flights of stairs up to the planetarium.


3. Measure the distance up one flight of stairs (diagonal path).


4. Now for some exercise.  If you have a medical condition that prevents strenuous activity, you may skip this part or leave it to your partner to do the running.  While your partner times you with a stopwatch, run as fast as you can up the two flights of stairs.  Record your best time and record all data in data section of Part 2.
Data:


 
Part 1:  The Conservation of Mechanical Energy
                               
Weight of the ball, wb: 


_______________

            

Lowest position of the ball, h1:

_______________




Position of the pendulum support, h0:
_______________



 
Position of the locator rod, h2:

_______________




Diameter of the ball, D:


_______________

Table: Maximum Force
	Run
	F1 (N)

	1
	

	2
	

	3
	

	Average
	


Part 2: Your Maximum Power

Your Mass, m:
________________
Vertical Displacement (Two flights of stairs), h:
________________
Distance Up One Flight, d:
________________
Running Time, One Flight, t1:
________________
Running Time, Two Flights, t2:
________________
Analysis:

Part 1: The Conservation of Mechanical Energy
1. Calculate the change in height of the bob, Δh:

2. Using Conservation of Energy (Equation 1), calculate the speed of the bob at its lowest point, vmax:
3. Calculate the length of the pendulum, L:
4. Using dynamics (Equation 2), calculate the speed of the bob at its lowest point of the first pass, vmax’:
5. How accurate are the values?  Calculate the percent difference.

Part 2: Your Maximum Power
 Calculate your maximum power output (Equation 3).
Part 3:  Energy and Power Units
Directions:  This exercise is designed to give you some practice with energy and power units.


1. How high would you be able to climb on the energy available in one                 McDonald's hamburger?

a. 1 Big Mac   =  500 kcal   =   ________________ J     (4186 J/kcal)



b.
If you are only 25% efficient, then the energy available for climbing is


________________ J.
c.

How high could you climb?                 h = _______________ m

d.
How many trips up the two flights of stairs (see part 2) could you make?


# Trips  = _________________


2. How much would your monthly electric bill cost if you purchased your energy from McDonald's in the form of Big Macs?

     a. Your most recent bill is      _______________ kw-h/mo. 
     b. This is  ________________ J/mo.  (3.6 x 106  J/kw-h)
c. Which is  _________________ kcal/mo.
     d. And this equals  _______________ burgers/mo.  (Assume 50% efficiency)
     e. How much would these burgers cost?     _______________ /mo. 
   

          ($1.99/burger)

   f. How much was your utility bill?             _______________ /mo.
Results:

Part 1: The Conservation of Mechanical Energy

Speed of Pendulum Ball, Equation 1:
_________________


Speed of Pendulum Ball, Equation 2:
_________________

 


% Difference:
_________________



Part 2: Your Maximum Power
Pmax   =  ______________________

Part 3: Unit Exercise

How high could you climb? 
h = _______________       

How many trips up the two flights of stairs could you make on the energy in one Big Mac?


#Trips = _______________      

     
How much would your electrical energy cost from McDonald's?



$ _________________                                                                                                             
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