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Pendulum Notes

Simple pendulum – has most of its mass concentrated in a small region at the end of a string; amplitude (see below) is typically 20 degrees or less.

Physical pendulum – like a swinging meter stick, it has its mass distributed over a large distance.

Torsion pendulum – a “twisting pendulum” like that seen in an anniversary clock.

Amplitude – how wide the swing, typically measured as an angle in degrees from the “zero position” (vertical resting position) to the maximum swing position; can be measured with a protractor. Amplitude has a small but real effect on the period of a pendulum. This effect is negligible if the amplitude is less than 20 degrees.

Period – the length of time required for a complete back-and-forth swing of a pendulum; measured in seconds

The period of a simple pendulum can be found through a study of its motion. Recall that amplitude and mass have little to no influence on the period of a pendulum. Only length has a significant influence. 

A study of the relationship between a simple pendulum’s length and period shows that the length and period do not constitute a proportional relationship. The graph of period versus length is curved. When plotting period-squared versus length, the relationship becomes proportional. In this case, the relationship can be found from the graph using the slope-intercept formula for a line, y = mx + b. That is,

(Period)2 = constant X length

If the length of a simple pendulum is expressed in meters, then the period can be found from the following relationship:

(Period)2 = (2.0 s2/m ) x length

If a simple pendulum has a length of 1 meters, it will have a period of (2 seconds.

If a simple pendulum has a length of 2 meters, it will have a period of 2 seconds.

If a simple pendulum has a length of 4.5 meters, it will have a period of 3 seconds.

Measuring the period of a pendulum – use a stopwatch to measure the time required for 10 back-and-forth swings and then divide the total time of 10 swings by 10 to get the time of one complete period. Using this approach gives much more accurate results.

Part of the inaccuracy in the use of a stopwatch results from the “long” delay in human reaction time. To show this delay, drop a dollar bill between the thumb and pointer finger of a student (side of hand resting on table). Students can very rarely catch a dollar bill when it is dropped by the teacher because the human response time is typically 0.1 to 0.2 seconds. In 0.2 seconds a dollar bill will fall more than half its length. To measure the human reaction time, drop a vertically-held meter stick in the same fashion as the dollar bill. Start with the fingers at the 50 cm position and release. By finding the distance of the meter stick’s drop (e.g., it drops from 50 cm mark to the 70cm mark before it is caught giving a drop distance of 20 cm) in the table below, you can find the corresponding reaction time.

	Drop distance (cm)
	Reaction time (s)
	Drop distance (cm)
	Reaction time (s)

	1
	0.045
	11
	0.150

	2
	0.064
	12
	0.156

	3
	0.078
	13
	0.163

	4
	0.090
	14
	0.169

	5
	0.101
	15
	0.175

	6
	0.111
	16
	0.181

	7
	0.120
	17
	0.186

	8
	0.128
	18
	0.192

	9
	0.136
	19
	0.197

	10
	0.143
	20
	0.202


The above table may be extended using the following formula where reaction time is expressed in seconds and distance is expressed in cm.

Reaction time = 0.045 x ((drop distance)

