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      Experimental Determination of Frequency Dependence Parameters





      For the Coupled Pendulum

Abstract: The coupled pendulum is an example of a coupled harmonic oscillator, a system with countless applications to all areas of physics. In this lab, we used graphical analysis to study the dependence of frequency on the parameters of string length (Figure 1) and the mode of oscillation. We found that the asymmetrical mode of oscillation (‘Fig B’ in Figure 1) produced a frequency that mirrored the theoretical frequency of a simple pendulum, and remained faithful to the proportional relationship between string length and period characteristic of the simple pendulum. Our excel-determined equation for this frequency was as follows: f = 4.2672y-0.4666, where -0.4666 ≈ -0.5. The symmetrical mode (‘Fig C’ in Figure 1) oscillated with a frequency independent of string length. That mode produced a constant period of (1.94 +/- 0.02) seconds and a constant frequency of (0.520 +/- 0.02) Hz. We performed the same analysis for a third mode that allowed our group to determine the relationship between the energy exchange between two coupled pendulums and their frequency as a function of string length. We determined that frequency decreased with increased string length for that mode in an approximately linear relationship according to the equation f = -0.0064y + 0.512. 

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.
.        Figure 1





Tabulation of Data:  
First Mode

	Y(cm)
	t1 (s)
	t2 (s)
	t3 (s)
	Avg t (s)
	Period, T (s)
	Frequency, f =1/T (Hz)

	40.0
	13.07
	13.07
	13.06
	13.07
	1.31
	0.77

	44.0
	13.69
	13.72
	13.78
	13.73
	1.37
	0.73

	48.0
	14.22
	14.31
	14.28
	14.27
	1.43
	0.70

	52.0
	14.75
	14.85
	14.84
	14.81
	1.48
	0.68

	56.0
	15.34
	15.34
	15.32
	15.33
	1.53
	0.65

	60.0
	15.81
	15.84
	15.87
	15.84
	1.58
	0.63

	64.0
	16.31
	16.34
	16.27
	16.31
	1.63
	0.61

	68.0
	16.72
	16.78
	16.79
	16.76
	1.68
	0.60


Second Mode

	Y(cm)
	t1 (s)
	t2 (s)
	t3 (s)
	Avg t (s)
	Period, T (s)
	Frequency, f =1/T (Hz)

	40.0
	19.38
	19.32
	19.34
	19.35
	1.93
	0.52

	44.0
	19.35
	19.41
	19.38
	19.38
	1.94
	0.52

	48.0
	19.47
	19.41
	19.29
	19.39
	1.94
	0.52

	52.0
	19.44
	19.28
	19.28
	19.33
	1.93
	0.52

	56.0
	19.34
	19.29
	19.36
	19.33
	1.93
	0.52

	60.0
	19.38
	19.31
	19.32
	19.34
	1.93
	0.52

	64.0
	19.4
	19.3
	19.38
	19.36
	1.94
	0.52

	68.0
	19.38
	19.35
	19.38
	19.37
	1.94
	0.52


Third Mode

	Y(cm)
	t1 (s)
	t2 (s)
	t3 (s)
	Avg t (s)
	Period, T (s)
	Frequency, f = 1/T (Hz)

	40.0
	18.03
	18.34
	18.75
	18.37
	3.67
	0.27

	44.0
	21.94
	21.75
	22
	21.90
	4.38
	0.23

	48.0
	25.94
	25.56
	25.81
	25.77
	5.15
	0.19

	52.0
	29.07
	28.93
	29.03
	29.01
	5.80
	0.17

	56.0
	33.6
	33.28
	33.44
	33.44
	6.69
	0.15

	60.0
	39.97
	39.87
	40.06
	39.97
	7.99
	0.13

	64.0
	47.5
	47.03
	47.97
	47.50
	9.50
	0.11

	68.0
	58.09
	58.38
	58.44
	58.30
	11.66
	0.09


Graph of Results
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