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Purpose 

In this experiment, we will measure the acceleration due to gravity and the frictional torque of the Atwood’s machine. We will do this by hanging two different masses, m1 and m2, from a string on the Atwood’s machine, and attach different amounts of washers to m1 and m2. We will observe and measure the time (in seconds) of their accelerations and compare it to the accepted value where according to Newton, g=9.81m/s^2.

Theory


When two masses are suspended on the Atwood’s machine, the system will accelerate in the direction that has the larger mass. Assuming that m2>m1, 

𝑚2𝑔−𝑇=𝑚2𝑎
and
𝑇−𝑚1𝑔=𝑚1𝑎

For the motions of a rotating system, friction always appears in the form of a torque, which tends to slow down the rotation of the system. The torque in the system causes the pulley to rotate with angular acceleration, 𝛼 and the rotational inertia of the pulley, Γ is the torque in the system and 𝑟 is the radius of the pulley. With all of these variables, we come up with a torque equation.
𝐼𝛼 = 𝑇 2𝑟 – 𝑇1 𝑟 − Γ
Assuming that in the torque equation there is slipping of the string in the pulley that would cause error, 
𝛼= 𝛼/ 𝑟
When we substitute 𝛼 into the torque equation we get,
(𝐼𝛼/ 𝑟^2)+(Γ/𝑟)=T2-T1
We could also uses total masses and difference of masses to determine the acceleration of the pulley,
𝑎 = (Δ𝑚 𝑔 − Γ⁄ 𝑟 (3.8)) / (𝑀 + 𝐼 ⁄ 𝑟^2)

To determine the acceleration of the pulley, we can measure the time, t, it takes for m1 to reach the max distance of the pulley from its resting position.
h = 𝑎𝑡^2 / 2
To make it a linear equation, we can remove 𝑎 from both equations. By removing 𝑎, we can use the slope and the y-intercept to calculate the 𝑔 and Γ of the pulley.
1/t^2 = (𝑔/2h(M+ 𝐼/𝑟2) Δ𝑚) – (Γ/ 2h𝑟(𝑀 + 𝐼/𝑟2))


Apparatus
 
In this experiment, the Atwood’s machine is used.











2 weights are used, one with an iron core and one without and 10 washers.






A vernier caliper is used to measure the radius (diameter/2) of the Atwood’s machine. It must be ensured that the jaws are clean and that it reads zero when the jaws are closed. The range of the caliper is 0.150mm and the accuracy is 0.05mm.









A balance beam is used to measure the mass of the weights and washers.








A meter stick is used to measure the distance travelled by m1.



Observations

Table 1 – Masses of weights and washers and measurements of Atwood’s machine 

	                           Masses                                        Lengths

	TRIAL #
	Weight of with the iron core + screw
	Other weight + screw
	Mass of 1 washer (mass of all/10) 
	Distance travelled by m1
	Radius of the pulley (diameter/2)

	
	m1 (g)
	m2 (g)
	mw (g)
	h (cm)
	r (cm)

	1
	254.50
	255.00
	10.04/10
= 1.004
	101.6
	121.0

	2
	254.46
	254.96
	10.03/10 = 1.003
	101.5
	122.3

	3
	254.48
	254.97
	10.03/10 = 1.003
	101.6
	122.95

	Average
	254.48
	254.98
	1.003
	101.6
	122.08

	Reading error
	0.01/2
= 0.005
	0.01/2
=0.005
	0.01/2
= 0.005
	0.01/2
= 0.005
	0.05/2
= 0.025

	Standard deviation (𝜎)
	0.02
	0.02
	0.006
	0.006
	1.13

	Std. Dev. mean (𝜎mean)
	0.01
	0.01
	--
	0.003
	0.65

	Final measurement (average ± error) units
	254.48 ± 0.01g
	254.98 ± 0.01g
	1.003 ± 0.005g 
	101.6 ± 0.03 cm
	122.08 ± 0.65 cm



Table 2 – Measuring Time of Different Washers on m1 and m2
	Trial #
	# washers on m1
	# washers on m2
	Time (s)

	1)
2)
3)
4)
5)
	

0
	

10
	3.597
3.609
3.578
3.545
3.548

	1)
2)
3)
4)
5)
	

1
	

9
	3.998
4.035
4.035
3.967
4.013

	1)
2)
3)
4)
5)
	

2
	

8
	4.634
4.630
4.687
4.628
4.647

	1)
2)
3)
4)
5)
	

3
	

7
	5.728
5.584
5.666
5.641
5.561

	1)
2)
3)
4)
5)
	

4
	

6
	7.798
7.876
7.927
7.882
7.848




Calculations 

Refer to attached lined paper.

Graphs

Refer to attached graph. 


Results

Two calculations were used to find g and Γ.

To find g, we first calculated the total mass of the weights and washers, M, and A, and the slope of our linear graph. Using the equation for g, we found that it equaled 9.48 ± 5.70x10^-18 m/s^2.

To find Γ, we used the y-intercept of our linear graph, the distance travelled by m1, the radius of the pulley and A. Using the equation for Γ, we found that it equaled -0.591 ± 7.84x10^-3 Nm.

Discussion


Newton’s law states that the value of g equals 9.81m/s^2. Our value that we calculated from this experiment is 9.48 ± 5.70x10^-18 m/s^2.  This value is slightly lower than the accepted value, which means there were sources of error in our system.
	One source of error could be centripetal force. Due to the heavier mass attached at the bottom of the string, it caused the strings to move in circles and were never completely at rest. These centripetal forces cause the pulley to accelerate slower, which would result in a lower g value. Another source of error is that when the mass blocks are on the magnet, it may not be centered. This would also cause a decreased value of g. Another source of error is friction, in the pulley, which is difficult to measure. Air resistance should also be taken into account as it is present in the system and acts to slow the system down. If it slows the system down the calculated value of g would be decreased.
	To increase precision of the measurements, more trials could have been done that way we could have gotten a more accurate average of time. Also, another way to increase precision is to raise the pulley so the heavy mass has a longer distance to fall. 
	 Real life applications to this lab would be an elevator, lifting buckets of water from a well and raising and lowering a flag.  All of these systems involve a pulley system much like the Atwood’s machine where there are two masses on either side being raised and lowered and frictional and gravitational forces are taken into account.
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