Physical Science Lab Exercise

Centripetal Force

Name_____________________________________________________________________________________

Lab Partner(s)______________________________________________________________________________

Date______________________________________________________________________________________

Lab Station Number_________________________________________________________________________

Materials List:

Hollow glass rod, string, large metal washers, rubber stopper, balance, meter stick, masking tape, scissors, stopwatch.
Objectives:
1) Determine (and identify) all the physical quantities that affect the value of centripetal force.

2)   Describe, identify and explain the direction of the force exerted on the rubber stopper. 

3) Describe what the weight of the washers in this experiment represents, specifically.

4) Describe how the forces on the revolving stopper and the hanging washers are related.

5) Identify 3 sources of error to cause a diff. between the exp. and acc. values of cent. force.

Description of Concepts:


The rubber stopper that will be swinging around in a circle for this lab travels a distance equal to the circumference of a circle. Because the rubber stopper will be traveling more than once around the circle, the total distance will be equal to the number or revolutions times the circumference. The “velocity” of the stopper is calculated then as the distance divided by the time:
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Equation 1

Where V = Velocity, r = radius (see diagram), N = Number of revolutions counted in 60 seconds, t = 60 seconds (length of one trial).

The experimental centripetal force (Fc) of the rubber stopper swinging around is calculated by using:
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Equation 2

where ms is the mass of the rubber stopper, and the other variables as before.

Centripetal means “center seeking”. There are two main forces at work in this laboratory exercise. “Opposing” the centripetal force is the theoretical, accepted force due to the weight of the washers pulling the string down through the bottom of the hollow glass tube:
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Equation 3

where g = 9.8 m/s2, the accel. due to gravity, and mw is the mass of the washers.

During this experiment, Fc = Fw.. The centripetal force is equal to the weight of the washers.
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Procedure:

1) Weigh the rubber stopper, and the washers (separately). Record their masses in the data table on page 31. Convert these masses from grams to kilograms (move the decimal over 3 places)

2) Lay out the apparatus as it appears above and measure the radius. Record this distance in centimeters and meters in the appropriately labeled data table.

3) Rearrange equation 2 so the variable N2 is on one side of the equation. Take the square root of the entire other side of the equation. This will provide you with the number of revolutions that you are supposed to have if this experiment was perfect. Calculate this number of revolutions, showing the equation with all of the variables first, then putting in the actual numbers, just to the right of it, to show the sequence of working the problem. DO NOT CONFUSE THIS “N” WITH THE LETTER N THAT REPRESENTS THE UNITS OF FORCE (NEWTONS). They are two entirely different quantities. Keep them straight.

4) Calculate the theoretical force caused by the washers, using equation 3. Put this value at the bottom of the column on the far right side of the data table.

5) Pick up the apparatus. Put the washers in one hand and carefully start swinging the rubber stopper around in a HORIZONTAL circle. Slowly increase the speed until the rubber stopper can “lift” the weight of the washers. Practice until the circle is a horizontal as possible, and the flag on the string is just below the bottom of the hollow glass tube. Don’t swing the rubber stopper too fast, as it will push the flag up against the glass tube, and the forces will no longer be in balance. Keep the washers from swinging too much by giving them a gentle nudge occasionally with the now free hand. Count the number of revolutions done in 60 seconds. Repeat this 9 more times for a total of 10 trials. 

6) Compute the individual centripetal forces for the ten trials.

7) Compute the average centripetal force. Do not compute the average number of revolutions counted.

8) Use the “percent error formula” and compare the experimental and theoretical forces at work during this experiment, using the average centripetal force. 

Analysis and lab report notes:

The accompanying excel sheet will have all the included calculations mentioned above. Another excel sheet will have the data table and results table. Please cut and paste these tables in the appropriate sections of the lab report. It helps to format the tables as Microsoft excel objects. Make sure to list potential sources of error in the conclusions section of the lab report. 
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