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Introduction
	The purpose of the experiment is to observe and experiment Newton’s second law when an object is moving in uniform circular motion, to comprehend the velocity of an object and acceleration in uniform circular motion, to find the force of an object in uniform circular motion, and to grasp angular velocity and its relationship with linear velocity in circular motion. To complete our objectives, we were informed by the lab manual that we were investigating the rotation of a bob after altering the centripetal forces by using various springs and rubber bands. The first step to this experiment was the measure the mass of the bob and the bucket. Then we set a number of revolutions the bob made and recorded the time it took to make that number of revolutions. After completing that portion of the experiment and recording all our data, we plotted the force vs velocity graph and the force vs velocity^2 graph. From the two graphs we were able to observe and comprehend uniform circular motion and the application of Newton’s second law. 
Investigation 1
	In experiment 5, we use numerous items of apparatus to fulfill our objectives. The equipment we utilized were the Sargent-Welch centripetal force apparatus, rubber bands, assorted springs, a timer program, a plastic pail, washers, string, paper clips, a ruler, and a digital scale. After making sure that we had everything needed for the experiment on our bench, we measured the mass of the bob and the empty bucket separately and recorded it. Then we calculated the error, 0.0005 kg, in mass by taking the smallest increment measured by the digital scale and dividing it by 2. This is to specify any possible error in the measuring the mass. Then, we attached the bucket to the bob which was attached to the Sargent- Welch centripetal force apparatus with a spring. We made sure that the bob attached to the Sargent Welch centripetal apparatus by a spring didn’t hang past or anywhere near the vertical post when the bob was stationary. To make the bob stationary, the base of the Sargent- Welch apparatus had to be leveled. Once that is done, we balanced the arm of the Sargent- Welch apparatus by moving the pointer of the base to the middle and screwing it into place. After, we moved the bob so that the tip of the bob would hang freely over the pointer without touching it. Once the apparatus was all set up, we measured the distance between the tip of the bob and the center of the pointer. This value would be our radius (Table 1). After measuring and entering our value for the radius, we calculated our error in the radius, 0.0005 m, by taking the smallest increment and dividing it by 2. After finding the radius, we had to attach the bob to the post of the apparatus and the bucket to the bob. We attached the bob to the post by using a spring and using the hook on the apparatus and the hook on the bob to connect them. On the side of the bob there was another hook which allowed us to attach a string from the bucket to the bob. When attaching it, it had to be hanging off the side of the bench to prevent any errors from the interference of the bench. We need the bucket in this experiment to find the centripetal force of the bob when it is rotating at an angle made with the spring or rubber band. 
	After everything was set up, we took washers and weights provided to us and placed them in the bucket until we got the pointer of the bob and the point of the vertical post to aligned perfectly. Next, we detached the bucket with the weights off the apparatus and measured the mass of the bucket, string and weights together. After we reattached the bucket to find the error in the mass (Table 1) by placing in weights until the center of the bob passes the tip of the pointer. After finding the weight of the bucket and its error, we entered it into our excel spreadsheet (Table 2). After that, we found the time the bob took to make 2 revolutions. We did this by spinning the bob until it was spinning at a constant speed and measured the time using a timer program on the computer. After, we recorded our obtained time values into our excel spreadsheet (Table 3). We used the same steps mentioned above to find the centripetal force and time for 5 different springs/ rubber bands. We attempted to make the bob and spring around 200g, 300g, 400 g, and 600 g. We then determined the times for each spring/ rubber band by using the timer program and entered the values into my excel spreadsheet (Table 3). Then using the formula (provided to me by my TA, I entered it into my excel sheet and obtained the average time for each spring/ rubber band contraption (Table 3). After finding the average time, I found the error in time by using the formula  where N is the number of trials performed. After calculating each error in time, I recorded my values which cam be seen in table 3. Next I calculated the period using the formula  where n is equal to the number of rotations as well as the error in period  where n is the number of rotations. After calculating the values for the period and the error in period, we entered it into our excel spreadsheet as seen in table 3. Our calculations were needed to plot our graph f vs. v and f vs. . I used the formula  to find velocity,  to find the error in velocity,  to find the error in , and  = . After finding the values of them and entering them into our excel spreadsheet (table 4), we plotted f vs. v (figure 1) and f vs.  (figure 2). The plot I expected to have a linear relationship was f vs. v² which is expected for my data because Newton’s second law states that F= which can be rewritten to  which indicates that f and  have a linear relationship because as f increases so does  to maintain the value of r/m. The slope of the graph f vs.  is the ratio of the mass to radius. The slope of my graph is similar to the calculated slope which can be determined by using the formula . By using my data, the calculated slope was 2.476243094 and the error in slope was 0.002764682574. The slope from my graph 2.8208. As mentioned previously, my calculated slope and the slope of my graph were very similar. 

Table 1(below) : Mass of bob, radius and error in radius
	mass of bob
	m(kg)
	0.4482

	Radius of circle
	r(m)
	0.181

	Error of Radius
	r(m)
	0.0005





	M(kg)
	δM(kg)
	Centripetal force F= Mg (N)
	Error δF (N)
	Number of revolutions

	0.1278
	0.0196
	1.25244
	0.192276
	2

	0.1273
	0.0162
	1.24754
	0.15876
	2

	0.2091
	0.0163
	2.04918
	0.15974
	2

	0.3207
	0.035
	3.14286
	0.343
	2

	0.4456
	0.015
	4.36688
	0147
	2

	0.6096
	0.032
	5.97408
	0.3136
	2


Table 2 (below): Mass, Error in mass, centripetal force, error in centripetal error and number of revolutions
	t1 (s)
	t2 (s)
	t3 (s)
	Average time t (s)
	Error δt (s)
	Period T (s) 
	Error δT (s)2

	3.073
	3.649
	3.649
	3.457
	0.15676734
	1.7285
	0.078383672

	3.071
	3.617
	3.457
	3.381666667
	0.3231724
	1.690833333
	0.06615862

	3.138
	3.105
	2.913
	3.052
	0.0572771
	1.526
	0.028638552

	2.113
	2.021
	2.018
	2.050666667
	0.0254573
	1.025333333
	0.01272865

	1.764
	1.921
	1.825
	1.836666667
	0.03731051
	0.918333333
	0.018655254

	1.631
	1.57
	1.603
	1.601333333
	0.01439393
	0.800666667
	0.007196964





Table 3 (below): Average time of revolutions, error in time, period, and error in period

	v (m/s)
	Error δv (s)
	[bookmark: OLE_LINK1]v² (m/s)²
	Error δv²= 2v δv (m/s)²
	
	
	 

	0.65794
	0.07838367
	0.433
	0.103144164
	Spring
	Std t1
	0.271529

	0.67260
	0.06615862
	0.452
	0.088996735
	two rubberbands
	Std t2
	0.2291802

	0.74525
	0.02863855
	0.555
	0.042685951
	200g
	Std t3
	0.0992069

	1.10916
	0.01272865
	1.230
	0.028236164
	300g
	Std t4
	0.0440933

	1.23839
	0.01865525
	1.534
	0.046205031
	400g
	Std t5
	0.0646237

	1.42039
	0.00719696
	2.017
	0.02044495
	600g
	Std t6
	0.024931


Table 4 (above): Velocity, error in velocity, v², error in v², and standard deviation of 6 different springs/rubber bands


Figure 1 (above): Force vs. velocity plot

Figure 2 (above) : force vs. v² plot
Conclusion
	After completing experiment 5 which consisted of one investigation, we can conclude that there is a centripetal force acting on an object moving in uniform circular motion and it can be calculated using the formula F= . In addition, we can state that the method we used to determine the centripetal force of the bob was successful because our mathematically derived slope of 2.476243094 was very similar to the slope of my graph which is 2.8208. However, during the experiment, there were many possible errors that could have occurred. For instance, a systematic error that may have caused error in our results were the time between telling your partner to stop after the set number of revolutions and stopping the timer on the timer program. 
Questions
1. What are the units of the slope of your F vs.  plot?
The units of the slope of my F vs.  plot is kg/m.
2. The lines that you draw through the data on your F vs.  plot should pass through the origin. Give a simple reason for this. 
The lines that I draw through the data on my F vs.  plot should pass through the origin because the force of the bob in my experiment is zero when its velocity during the experiment is zero.
3. A marble rolls along the inside of a semicircular track made of copper tubing that is lying on a level table that is parallel to the floor. As the marble leaves the track at point 0, does it follow path A, path B, or path C? Explain your answer in terms of the concepts developed in this experiment. 
As the marble leaves the track at point zero, it will follow path B because the centripetal force acting on the marble leads it to path B. It can’t follow path A because gravitational force prevents the marble from following path A. The marble is unable to follow path C because momentum stops it from going on path C.
4. What is the precision (relative error) of the centripetal force divided by the mass if the velocity and radius are each determined with a precision of 1%?
If the velocity and radius are each determined with a precision of 1%, the precision or relative error of the centripetal force divided by the mass is equal to the precision of  which can be calculated by plugging 1% into a formula  ( ) which leads you to get a result of 1.4% error. 
5. In order to keep a constant centripetal acceleration, how much should the radius change if the velocity is doubled?
[bookmark: _GoBack]In order to keep a constant centripetal acceleration, the radius should be multiplied by a factor of four if the velocity is doubled.
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