Kevin Siu
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SPH4U Lab: Centripetal Force
Background:

Define or explain the term centripetal force (Fc)

Centripetal force is the force that causes centripetal acceleration, a force pulling an object moving in a circular path towards the centre of the path.

Purpose:

To find the relationship between the centripetal force “Fc” and the rotating object’s frequency or speed “f”, mass “m”, and radius “R” of its circular path.

Materials:

Centripetal force kit, masking tape, meter stick, steel washers

Method / Results:

Part A: The Effect of Frequency on centripetal force, while keeping m and R constant.

1. Determine the mass of 1 washer.
2. Suspend 6 washers from the clip on the lower end of the cord. Pull the cord out until the distance from the center of the stopper to the top of the glass tube is about 70 cm. Attach a piece of masking tape to the cord at a point 1 cm below the glass tube.
3. While holding the bottom clip, whirl the stopper in a horizontal circle above your head, adjusting the speed until you feel very little tension in the cord. Let go of the clip and vary the rotation rate so that the reference masking tape remains at 1 cm below the glass tube. (It must NOT touch the glass tube). Have your partner time 10 complete vibrations.
4. Complete the chart below by repeating step 2 but adding 4 washers each time.
5. Plot a graph of Centripetal Force vs. frequency.
6. Using graphical analysis techniques, replot and determine the variation statement relating Centripetal Force and frequency.

	# of washers
	Mass of washers (kg)
	Fc (Newtons)
	Time for 10 rotations (s)
	frequency (Hz)

	0
	0.00000
	0.00
	0.00
	0.000

	6
	0.04017
	0.39
	8.14
	0.123

	10
	0.06695
	0.66
	6.75
	0.148

	14
	0.09373
	0.92
	5.31
	0.188

	18
	0.12050
	1.18
	4.56
	0.219

	22
	0.14728
	1.44
	4.31
	0.232

	26
	0.17406
	1.71
	3.90
	0.256

	30
	0.20084
	1.97
	3.62
	0.276
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Variation statement:

Part B: The Effect of Mass on Centripetal Force, while keeping f and R constant.

1. Using the same setup as in Part A, add another rubber stopper to the end of the string. Use a piece of tape, or a dowel to hold in place.
2. Using 12 washers, determine the frequency.

	
	# of washers
	Mass (kg)
	Fc (Newtons)
	Mass of Stoppers (kg)
	Radius (cm)
	Time (s)
	Frequency (Hz)

	Trial 1
	6
	0.04017
	0.3940
	0.02869
	70
	10.32
	0.096899

	Trial 2
	12
	0.08034
	0.7881
	0.02869
	70
	8.62
	0.116009


3. Compare the frequency in trial 2 with that in trial 1. Do a % Difference calculation.

4. By inspection, what is the relationship between Centripetal Force, and mass when f and R are kept constant?

Part C: The Effect of Radius on a centripetal force, while keeping f and m constant.

Bad News… Using this apparatus, it is impossible to change the radius without changing the frequency. Do not despair; there is a little trick to this section.
1. Using 12 washers and 1 stopper, complete the chart below by measuring the time for 10 rotations and the resulting frequency for 5 different radii. Reset the masking tape for each trial.

	Mass of washers (kg)
	Fc (Newtons)
	Radius (m)
	Time for 10 rotations (s)
	Frequency (Hz)
	f^2 (Hz^2)

	0
	0
	0
	0
	0
	0

	0.08034
	0.78814
	0.5
	5.35
	0.18692
	0.03494

	0.08034
	0.78814
	0.6
	6.24
	0.16026
	0.02568

	0.08034
	0.78814
	0.7
	6.43
	0.15552
	0.02419

	0.08034
	0.78814
	0.8
	6.81
	0.14684
	0.02156

	0.08034
	0.78814
	0.9
	8.04
	0.12438
	0.01547


2. As instructed in class, plot a graph of Fc vs. f2. This will actually be 5 (2-point) lines.
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3. On this graph, draw a vertical line parallel to the Fc axis that intersects all five of your lines. This is a line of constant frequency.
4. Where this line intersects your plotted graphs, interpolate the centripetal force that corresponds to each of the radii to complete the table below. Note that we now have a set of centripetal forces and corresponding radii, with m and f constant.
	Fc (Newtons)
	Radius (m)

	0
	0

	0.34898
	0.50

	0.47474
	0.60

	0.50410
	0.70

	0.56544
	0.80

	0.78814
	0.90


5. Plot a graph of Centripetal Force vs. Radius.
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6. Using graphical analysis techniques, replot and determine the variation statement relating Centripetal Force and radius.
Discussion:
1. Combine all three of your variation statements into one variation statement.
2. Write this relationship as a general equation.
3. If all quantities are SI metric, derive (by very simple deduction) the value of the proportionality constant in your general equation above. (It is a universal constant)

