Name: _____________________________________Date: ___/____/____  Course/Lab Section: _______

PreLab 

Centripetal  Force 
Instructions: Prepare for this lab activity by answering the questions below. Note that this is a PreLab. It must be turned in at the start of the lab period. Time cannot be given in lab to perform PreLab activities. After the start of lab activities, PreLabs cannot be accepted.

Q1. Is it possible for an object to be subject to acceleration and move at constant speed? Explain.

Q2. Is it possible for an object to be subject to acceleration and move at constant velocity? Explain.

Q3. A small object is placed on a rotating turntable. Where on the turntable (with respect to its center of rotation) would the object require the largest centripetal force to remain in place? Explain.

Q4. A racecar is traveling at constant speed around a circular track. What happens to the centripetal acceleration of the car is the speed is doubled? Explain.

Q5. Top of Form

Q5. A 1000-kg car travels at constant speed around a circular track whose radius is 3.0 km. The car goes once around the track in 400 s. What is the magnitude of the centripetal acceleration of the car? What is the magnitude of the corresponding centripetal force? Show your work.

Q6. A boy is whirling a stone around his head by means of a string. The stone makes one complete revolution every second. The boy then speeds up the stone, keeping the radius of circle unchanged, so that the stone  makes two revolutions every second. What happens to the tension on the string? Explain.

Centripetal  Force  (Whirligig)

Purpose: The purpose of this lab activity is to make you familiar with acceleration and force in uniform circular motion. It will guide you on how to measure the tension on a string due the action of centripetal forces. This lab activity is intended to assist you to:

( Develop a physical understanding of what centripetal acceleration and centripetal force are. 

( Use a simple device to measure the tension on a string in connection with a circular motion.

Introduction: In this lab several experimental values for centripetal force will be compared with calculated theoretical values. The apparatus is sketched in the figure below.
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        The apparatus consists of a hollow rod with a smooth surface at one end through which a string is passed. The string is connected to two masses as shown. The mass m​1 is swung in a circle at the end of the string. The centripetal force needed to hold it in the circular path is provided by the tension FT in the string. Thus, according to the centripetal force relation becomes

                                                                                              Fc = FT = m​1 v 2 / R ,                                       (1)

where Fc is the centripetal force, v is the speed of mass m​1,  and R is the radius of the circular path. The 

speed is measured indirectly. It is determined from the frequency of the rotating motion and the radius of the circle as follows: 

                            
 v =  (s/ (t =  2( R / T  =  2( R f .                          (2)

In Eq. (2), T is the period of the motion (time it takes mass m​1 to go around once), and  f  is the frequency of the motion (how many times m​1 goes around in one second). The frequency is the reciprocal of the period. Plugging the expression for v from Eq. (1) into Eq. (2) we get

       

          FT = m​1 4(2 f 2 R,                                     (3)

which is the working equation for this lab. 

As the string is pulled downward by the suspended mass m​2, the tension in the string must also be equal to the weight of m​2 , i.e., 

                                                     


FT = m​2 g,

                      (4)    

where g is the acceleration of gravity. Eq. (4) gives us the theoretical value of the tension in the string which can then be compared with the measured (experimental) value.

Procedure:  

Part I: Experimental and theoretical determination of centripetal forces

a. The radius R must be measured from the axis of the rod to the center of mass m​1. The center of mass may be determined to a sufficient degree of accuracy by attempting to balance it on the edge of a ruler. Of course, it cannot be balanced, but the point can be found where it seems to tip either way when released. Find this point, make a mental note of where it is located and all R measurements from this point.
b. The value of  m​1 will be constant and equal to 20 g, and should be secured to the string only once. Do this by passing the loop in the string through the hole in the mass and then the string through the loop. It is very important that this be well secured so that it does not fly off while rotating. Check with the lab instructor to make sure that it is safe.

c. Pass the other end of the string through the top of the rod and hang a 200 g mass from it. This mass may be merely hooked into the loop.

d. The most convenient way to keep the radius constant is to mark the string at the bottom of the rod and observe this mark while rotating m​1.  Set R at 35 cm and, while holding the string taut, make a mark on the string at the bottom of the rod with a pen or a tape flag. 

e. Partner A will now rotate the apparatus using as little hand motion as possible and holding the mark on the string at the bottom of the rod by maintaining the proper speed of rotation. This will require a little practice and should be done in such a way as to not endanger others nearby. When the partner A performing the rotation is ready he or she informs partner B who then times 50 revolutions. This is repeated 3 times, recording the times on the data table. The motion can easily be stopped at any time by pulling down on mass m​2. 

Part II: Data Recording, Computation and Analysis

Find the average of the 3 times and record it on the data table. Calculate the frequency (number of revolutions per unit time) and record this on the data table also. Now, using Eq. (3) calculate the tension in newtons and record this value on the data table. Use Eq. (4) to calculate the theoretical value of the tension and also record this. Using the theoretical and experimental values of the tension, determine and record the percent error between them in the last column of the data table. Repeat steps c through e above for each of the other sets of values of m​2 and R listed on the data table. Comment on your results on the back of the table sheet. 

Centripetal Force                        Data

Name: (Partner A) __________________________________________     Date: ____________

Name: (Partner B) __________________________________________      Course: __________

Table
           (Exper.)


  (Theor.)

	m​1 (g)
	m​1(kg)
	R (cm)
	R (m)
	t (s)
	tavg (s)
	f  (1/s)
	FT (N)
	m2(g)
	m​2(kg)
	FT (N)
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