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Lab 10: Hooke’s Law, SHM and the Simple Pendulum
Gary G. Daddario III

Lab Partner: Mike Lipski

54.211, Section 1

Date Performed: 04/08/09

Date Due: 04/15/09

Objectives: 
1) To demonstrate Hooke’s Law of Elasticity applied to a spiral spring.

2) To study simple harmonic motion (SHM) in one dimension using a spring.

3) To study the motion of a simple pendulum and to obtain a value for g.

Materials Used:
· Spiral spring

· 50g weight hanger

· Meter stick

· Stand to hang everything on

· 50g slotted masses

· Stopwatch

· Ball pendulum

Introduction:
As applied to a spring, Hooke’s Law is stated as Fr = -kx, in which Fr is the magnitude of the restoring force, k, is the force or spring constant, and x, is the displacement of the spring from equilibrium. If you were to stretch the spring with a hanging mass m, you could find the stretching force, Fs, simply by figuring the weight w, with w = mg, and applying it to Newton’s 3rd law, Fs = -Fr = kx = mg. 
The period for a mass connected to a spring that undergoes SHM is T = 2
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The period of oscillation for a pendulum is T ≈ 2
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However, this can only be assumed for a smaller angle oscillation of about fifteen degrees or less; with any amplitude of oscillation greater than fifteen degrees, the pendulum can no longer approximate SHM.
Procedure 1: Hooke’s Law:
1. We mounted a spiral spring onto a stand so it could hang vertically, attached a 50g hanging weight with an additional 50g of weight added to it to separate the coils, and recorded  the initial position x΄= xo of the bottom of the hanger with respect to a vertically hanging meter stick.
2. Next, we loaded slotted masses, 50g at a time to a maximum of 300g added to the hanger, and recorded the positions on the scale.
3. Finally, we removed the slotted masses and recorded the position after each 50g mass was removed.

Data and Measurements:

	Table 1a

	Added Mass m (g)
	Scale Reading x' (cm)
	Displ. X=x'-x0  x (cm)

	0
	51.5
	0

	50
	47.2
	4.3

	100
	42.6
	8.9

	150
	38
	13.5

	200
	33.2
	18.3

	250
	28.5
	23

	300
	24.4
	27.1


	Table 1b

	Added Mass m (g)
	Scale Reading x' (cm)
	Displ. X=x'-x0  x (cm)

	300
	24.4
	27.2

	250
	28.8
	22.8

	200
	33.4
	18.2

	150
	38
	13.6

	100
	42.4
	9.2

	50
	46.9
	4.7

	0
	51.6
	0


	Table 2

	m (g)
	m (kg)
	Fs (N)
	Fr (N)
	x (cm)
	x (m)

	0
	0
	0
	0
	0
	0

	50
	0.05
	0.4905
	-0.4905
	4.5
	0.045

	100
	0.1
	0.981
	-0.981
	9.05
	0.0905

	150
	0.15
	1.4715
	-1.4715
	13.55
	0.1355

	200
	0.2
	1.962
	-1.962
	18.25
	0.1825

	250
	0.25
	2.4525
	-2.4525
	22.9
	0.229

	300
	0.3
	2.943
	-2.943
	27.15
	0.2715


[image: image3.png]-2.5

-3.5

Restoring Force vs. X

0.3

y=-10.775x- 0.003





Analysis and Results: 
1. Graph Line Equation: y = -10.775x – 0.003
2. Spring Constant (k) = 10.775, (Determined by looking at the slope of the line)

Procedure 2: Simple Harmonic Motion of a mass on a vertical spring:

1. We set the apparatus back up with the spring hanging from the stand and the 50g hanging weight, plus an extra 50g onto the end of the spring.

2. Next, the spring was “displaced” by pulling it down slightly and was then let go so it could begin an up and down motion.

a. We used a stopwatch to find the time it took for the spring to make 20 complete up and down vibrations.

b. We did three trials and then added another 50g of weight and recorded three more trials. This process was repeated until the maximum weight of 300g was placed and trialed on the spring.
Data and Measurements:

	Total m (g)
	1
	2
	3

	100
	15.51
	15.95
	15.72

	150
	18.39
	18.29
	18.41

	200
	20.41
	20.45
	20.44

	250
	22.33
	22.3
	22.38

	300
	24.13
	24.06
	24.2


	m (g)
	m (kg)
	t avg. (s)
	T (s)
	T2 (s2)

	100
	0.1
	15.73
	0.749048
	0.561072

	150
	0.15
	18.36
	0.874286
	0.764376

	200
	0.2
	20.43
	0.972857
	0.946451

	250
	0.25
	22.34
	1.06381
	1.131691

	300
	0.3
	24.13
	1.149048
	1.32031
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Analysis and Results:

1. Graph Line Equation: y = 3.7716x + 0.1905
2. Calculate k using your slope:

T = 
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T2 = 
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K = 10.467
3. Percent Difference of spring constant values from part one and part two: 2.9%
Procedure 3: The Simple Pendulum:
1. We set up a new apparatus comprised of a string and ball to create a pendulum, and we hung it from the same stand that we used to hang the spring.
2. We made the pendulum string length 20cm. This is measured from the point to the estimated center of the ball.

3. We then pulled the pendulum back slightly and allowed it to begin swinging.

a. The time it took to make ten complete (small amplitude) swings was measured in three separate trials using a stopwatch.

b. We repeated this proceedure at 40cm, 60cm, 80cm, and 100cm of pendulum length and recorded the data.
Measurements:
	L (cm)
	1
	2
	3

	20
	9.69
	9.72
	9.75

	40
	13.69
	13.67
	13.72

	60
	16.67
	16.81
	16.72

	80
	19.38
	19.45
	19.42

	100
	19.79
	19.81
	19.76


	L (cm)
	L (m)
	t avg. (s)
	[Meas.] T (s)
	T2 (s2)

	20
	0.2
	9.72
	0.883636364
	0.780813

	40
	0.4
	13.69333
	1.244848485
	1.549648

	60
	0.6
	16.73333
	1.521212121
	2.314086

	80
	0.8
	19.41667
	1.765151515
	3.11576

	100
	1
	19.78667
	1.978666667
	3.915122
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Analysis and Results:

1. Graph Line Equation: y = 3.9174x – 0.0153
2. Calculate the acceleration due to gravity, g, from your slope:
T = 
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T2 = 
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g = 
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g = 10.07771 m/s2
3. Percent error of calculated g versus the accepted value of 9.8 m/s2: 2.83%
Conclusion:

We didn’t necessarily conclude anything except we proved and gained a better understanding for the idea which states a period of a spring’s movement is directly affected by the spring constant itself. The larger the spring constant, the smaller the period is going to be. However, the greater the mass acting on the spring, the larger the period will be.
Appendix:
Question 1: According to your plotted data, is Hooke’s law followed? Explain.


Yes, since Hooke’s law is Fr = -kx and k = - 
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, we were able to plug in values, and they fit with the graph.
Question 2: Is the intercept nearly zero as expected?


Yes it is. Intercept = 0.003

Question 3: Compare corresponding values of x in Tables 1(a) and 1(b). Does the spring have the property of elasticity? Explain your answer.


Yes, the spring and system aren’t perfect, however the spring does return to a point extremely close to the point initially found.

Question 4: Is the intercept nearly zero as expected?


Yes it is. Intercept = 0.0153
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