Physics 4B-Lab 2
Monday, 9-12 noon

January 24, 2004

The Coupled Pendulum: Studying Frequency dependence Parameters for its Three Modes of Oscillations

Introduction: In this lab we shall study three different modes of oscillation of a coupled pendulum.  Two simple pendulums are coupled through a light-weight rod which is a variable distance y above the center of the pendulum bobs (Fig A).
In the first mode of oscillation, the two bobs swing in opposite directions (as in Fig B). 

In the second mode of oscillation, the two bobs swing in the same direction (as in Fig C).  
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In the third mode of oscillation, one pendulum is set swinging while the second is at rest.  Due 

to the coupling between the pendulums, energy is exchanged between the pendulums and the second pendulum starts to swing.  As the amplitude of the motion of the second pendulum becomes a maximum, the first pendulum comes to a stop, but starts to swing again as the energy is transferred back to it and the second pendulum comes to a stop.  This process continues with first one pendulum coming to a stop and then the other, as the energy is transferred back and forth between them. 

Objectives


A. Experimental


1.
To determine, through graphical analysis, how the frequency of the oscillation  of 




coupled pendulums oscillating in the mode diagrammed in Figure B varies with 




length y.


2.
To determine, through graphical analysis, how the frequency of the oscillation  of 

coupled pendulums oscillating in the mode diagrammed in Figure C varies with 




  length y.


3.
To determine, through graphical analysis, how the frequency at which the energy is 



exchanged between swinging coupled pendulums varies with length y.
Apparatus: Three rods, 2 right angle clamps, 2 pendulum clamps, 2 table clamps, 2 brass pendulum balls on strings, fireplace matchstick, stopwatch, meter stick, level.
Procedure and Instructions:

I.  Preliminaries: Using table clamps, right angle clamps, pendulum clamps, and rods, set up the pendulum system as diagrammed on the next page.  Coupling of the pendulums is achieved by a single wrap of each string around a fireplace match stick.  The 80.0 cm length of the pendulums is with the coupling stick in place.  The coupling stick can be easily rolled upward or downward to vary length y.









[image: image1.emf] 

20 cm  

80 cm  


II. Obtaining Data


A.
Starting with y = 40.0 cm, pull the two bobs together so they are just touching and release 

them. Determine the time for ten oscillations and record this value on the spreadsheet 



data sheet.  (Get a disk from the instructor and load the Excel data sheet for the experiment, if you have 


not already done so.  Record the time to the nearest 0.01 seconds, although this is probably squeezing an 


extra significant figure from the data, and format the spreadsheet entries accordingly.)  Repeat twice, so 


you have a total of three trials, and determine the average of the three values.

B.
Increasing y in increments of 4.0 cm, repeat the process--three trials and an average-- 



until y = 68.0 cm.


C.
Repeat the previous two steps, but displace both pendulums in the same direction and 



then release them.


D.
With y = 40.0 cm, hold the stick which couples the pendulums, displace one pendulum, 



and release it.  The second pendulum should be at rest, and the coupling stick should be 


released after the release of the first pendulum.  Determine and record the time for four 


complete exchanges of energy between the pendulums.  To do this, watch just one 



pendulum, start the timer when the pendulum is at rest, and stop it again after four 



exchanges of energy have been completed.


E.
Increasing y in increments of 4.0 cm, repeat the process until y = 68.0 cm.
III. Spreadsheet Calculations and Manipulations

A.
Using the average times , do spreadsheet calculations to calculate the frequency for each of the oscillations, formatting the calculated frequencies to display only two digits after the decimal point (Keep in mind that the time for ten oscillations was recorded for the first two modes of vibration and the  time for four energy exchanges was recorded for the last mode of vibration.)


B.
Save a copy of the data sheet after completing the calculations.
IV . Doing the Graphical Analysis Using Excel Spreadsheet
A.
Use Excel spreadsheet to perform graphical analysis to construct the various data for the first mode of oscillations and then establish relationship between the frequency of the oscillation and the distance y.


B.
When an appropriate graph and an equation describing the function displayed in the 



graph have been found, give the graph a title, label the x and y-axes appropriately and 




save a copy of the graph for your report.

C.
Rewrite the equation, if/as needed to express the frequency as a function of the distance y, including the correct number of digits (no more than two) after the decimal point and units, and discuss how well your experimentally determined relationship agrees with the expected theoretical  relationship for this mode of oscillation.


E.
Repeat the previous three procedures for the second mode of oscillation.


F.
Repeat the graphical analysis procedure for the third set of frequencies.  A discussion of 



this experimentally determined relationship is optional.

G.  Save your graphs to be used for your Lab Report. Include your data Table and graphs with the Lab report.
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