Your name here


	Physics 105 


	Name: _____________________________




Put your name into the header.  

Show all your work.  Save all of your work and print out the Word document at the end. 

I. Friction

The position versus time data was taken for the scenario shown in the figure below can be found in Friction_a.xls.  The hanging object has a mass of 270 g (which includes the hanger).  The object on the track has a mass of 1017 g.  

A. Determine the coefficient of kinetic friction. Give your reasoning and show your work. 

B. Estimate the speed of the object(s) at the end of the time the data was taken. Give your reasoning and show your work.
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Acceleration = 0.237 m/s2 from graph.  Coefficient of friction = .234 (no units). See eqns. below. Solve eq. 1 for Nb, solve equation 3 for T, and substitute these into eq. 2, solve for mu. 
	Block
	Y comp.
	  Nb - mbg = 0   

	Block
	X comp.
	  Tb - k Nb = mb ab   

	Hanger
	Y comp.
	  mhg - Th = mhah   


Use fit eqn. 

V(t) = .237 t - .5566   evaluate at t=3.66

V(t=3.66) = .3108 m/s

Or use last points V_end = (.203 - .196)/(3.66 -3.64) = 0.35 m/s 
II. Projectile Motion 

A ball was shot from the angles given in the table below. The corresponding ranges (landing at the same height from which it is shot) for three trials are given below as well.  

	Angle (degrees)
	Range (cm)
	Range (cm)
	Range (cm)
	Average Range 

(cm  )
	Standard Deviation ( cm )
	Average Initial Velocity ( m/s )

	20
	53.6
	53.4
	53.5
	53.50
	0.10
	2.856

	25
	60.5
	61.6
	60.0
	60.70
	0.82
	2.787

	30
	70.5
	71.7
	68.1
	70.10
	1.83
	2.816

	35
	76.7
	76.6
	74.9
	76.07
	1.01
	2.817

	40
	80.0
	78.3
	78.5
	78.93
	0.93
	2.803


A. Determine the average range and standard deviation for each angle.  

B. Next calculate the initial velocity of the projectile for each angle.  

C. If you had time to repeat the measurements at just one angle, which angle would you choose and why?

	Repeat angle: 

While the first row has the smallest standard deviation making it seem precise, it results in the most “outlying” initial velocity (and the velocities should be the same for all of the angles).  Thus it is probably the least accurate and I would repeat it. 



III. Friction

In the scenario shown below two strings were tied to an object (small hexagon shaped mass with two hooks). Each string passed over a pulley at the edge of the lab bench and tied to a 50-g hanger.  Next mass was slowly added to hanger B until the object just started to move – which occurred when the mass added to the hanger reached 60g.  

A. Use the balance to determine the mass of the object.  (For purposes of the practice test, assume the mass is 507g – but note that I might ask you to use a scale on the test.) 

B. Determine the coefficient of static friction between the object and lab bench. 

C. Establish a coordinate system and determine the (precise) direction in which you expect the object to start moving. 


[image: image3]
Toward B is X 
Toward A is Y 

T_x = (0.11)*(9.8) = 1.078 

T_Y = (0.05)*(9.8) = 0.49 

|T| = (1.078^2 + 0.49^2)^(1/2) = 1.184 N 
Tensions balanced by friction = mu_s N = mu M g = mu *(.507)*(9.8)

Mu_s = 1.184 / 4.9686 = 0.238 (no units) 

Theta = arctan( T_y / T_x) = 24.4 degrees from the x axis (toward the y axis) 
IV. Cart on Incline. 
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You will find position versus time data taken for a cart (Mcart = 498g) with two metal blocks (Mblock1 = 501g, Mblock2 = 502g) moving down an incline (228 cm long) in the Excel file Galileo.xls.   Three wooden blocks of height 3.3 cm were used to create the inclines, using one block, then two blocks, then all three blocks. 
A. Plot a position versus time for each set of data.
B. Fit the graph appropriately and use the fit to extract a value for acceleration.  

C. Include your name in the title (e.g. Smith: Incline Data (One Block)). 

D. Label the axes appropriately. 

E. Paste the graphs into this section of this document. 

F. Enter the experimental accelerations in the table below. 
G. Calculate the theoretical accelerations and enter then into the table below. 

H. Calculate the percent error. 

I. Comment of whether the error you find is systematic or random.

	
	Experimental acc. (m/s^2 )
	Theoretical acc. ( m/s^2  )
g sin(theta)
	Percent Error

	One block
	0.1078
	0.1418
	24%

	Two blocks
	0.2494
	0.2836
	12%

	Three blocks
	0.3976
	0.4255
	6.6%


	Comment on type of error: 

The difference between the theoretical acceleration and the experimental is 0.034, 0.0342 and 0.0279 which are all positive and somewhat consistent, so I would conclude that the error is systematic.  It is probably explained by the theory neglecting friction and air resistance.  
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V. Forces

In the scenario shown on the following page, the Force sensor reads a magnitude of 2.34 N for the tension in string B.  Determine the tensions of the other two strings and the mass of the hanging object. Use a protractor to measure any angles.  Show all work, give all reasoning.
	
	

	Tension A
	

	Tension C
	

	Mass
	


Angles measured from vertical:  A: 55 degrees;  B: 58 degrees
Horizontal:    -T_A sin(55°) + T_B sin (58°) = 0 

T_A = (2.34)*sin(58)/sin(55) = 2.42 N 

Vertical:      T_A cos(55) + T_B cos(58) – T_C = 0 

T_C = 2.42 * cos(55) + 2.34 * cos(58) = 2.63 N 

****

T-C = M_C * g 

M_C = 2.63 / 9.8 

0.268 kg 
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		On one block						On two blocks						On three blocks

		Time ( s )		Position ( m )				Time ( s )		Position ( m )				Time ( s )		Position ( m )

		3.90E-03		0.6657				3.90E-03		0.677				3.80E-03		0.661

		0.1071		0.6659				0.1072		0.679				0.1071		0.664

		0.2103		0.6659				0.2105		0.684				0.2104		0.670

		0.3136		0.6682				0.3137		0.692				0.3137		0.681

		0.4169		0.6735				0.4171		0.703				0.417		0.695

		0.5202		0.6785				0.5204		0.718				0.5204		0.715

		0.6234		0.6864				0.6237		0.735				0.6237		0.738

		0.7267		0.6953				0.7271		0.756				0.7272		0.766

		0.83		0.7046				0.8305		0.779				0.8306		0.798

		0.9334		0.7163				0.9339		0.806				0.934		0.835

		1.0367		0.7293				1.0373		0.835				1.0375		0.877

		1.14		0.7437				1.1407		0.866				1.141		0.923

		1.2433		0.7607				1.2442		0.902				1.2446		0.971

		1.3467		0.7788				1.3476		0.938				1.3481		1.026

		1.4501		0.7976				1.4511		0.979				1.4517		1.086

		1.5534		0.8177				1.5546		1.023				1.5553		1.147

		1.6568		0.8405				1.6581		1.070				1.659		1.214

		1.7602		0.8631				1.7616		1.118				1.7626		1.285

		1.8636		0.8877				1.8652		1.171				1.8663		1.359

		1.967		0.9141				1.9688		1.225				1.97		1.439

		2.0704		0.9414				2.0723		1.283				2.0737		1.521

		2.1738		0.9689				2.1759		1.341				2.1775		1.608

		2.2772		0.9993				2.2795		1.405				2.2812		1.700

		2.3806		1.0296				2.3832		1.471				2.385		1.794

		2.484		1.0625				2.4868		1.537				2.4889		1.892

		2.5875		1.0954				2.5905		1.608				2.5927		1.993

		2.6909		1.1296				2.6941		1.680				2.6965		2.095

		2.7944		1.1663				2.7978		1.756				2.8002		2.161

		2.8978		1.2022				2.9015		1.833				2.9039		2.239

		3.0013		1.2415				3.0052		1.914				3.0071		2.233

		3.1048		1.2804				3.1089		1.995				3.1103		2.232

		3.2082		1.3201				3.2127		2.080				3.2135		2.230

		3.3117		1.3601				3.3164		2.164				3.3168		2.229

		3.4152		1.4011				3.4199		2.216				3.4201		2.239

		3.5187		1.4451				3.5236		2.288				3.5244		2.416

		3.6222		1.4893				3.6269		2.293				3.6277		2.426

		3.7257		1.5340				3.7316		2.553				3.7306		2.370

		3.8292		1.5780				3.8346		2.496				3.8334		2.300

		3.9327		1.6257				3.9376		2.461				3.9447		3.688

		4.0363		1.6723				4.0412		2.514				4.0395		2.236

		4.1398		1.7216				4.1439		2.431				4.1512		3.688

		4.2433		1.7711				4.247		2.408				4.246		2.231

		4.3469		1.8201				4.3507		2.483				4.3492		2.225

		4.4504		1.8714				4.4536		2.425				4.4524		2.226

		4.5539		1.9224				4.5565		2.370				4.5642		3.688

		4.6575		1.9753				4.6589		2.221				4.6674		3.689

		4.761		2.0299				4.7707		3.690				4.7707		3.688

		4.8646		2.0827				4.8739		3.690				4.8739		3.688

		4.9682		2.1372				4.9772		3.690				4.9772		3.688

		5.0717		2.1939				5.0804		3.691				5.0804		3.689

		5.1753		2.2438				5.1837		3.691				5.1751		2.206

		5.2789		2.3102				5.2869		3.690				5.2869		3.689

		5.3819		2.2753				5.3902		3.690				5.3902		3.688

		5.4862		2.4481				5.4934		3.691				5.4934		3.688

		5.5893		2.4219				5.5967		3.690				5.5966		3.688

		5.7947		2.2383				5.6999		3.690				5.6912		2.196
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		On one block						On two blocks						On three blocks

		Time ( s )		Position ( m )				Time ( s )		Position ( m )				Time ( s )		Position ( m )

		3.90E-03		0.6657				3.90E-03		0.677				3.80E-03		0.661
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		4.0363		1.6723				4.0412		2.514				4.0395		2.236
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		5.7947		2.2383				5.6999		3.690				5.6912		2.196

		5.8978		2.2181				5.8032		3.691				5.8031		3.689

		6.0009		2.1851				5.9064		3.690				5.9064		3.688

		6.1041		2.1785				6.0096		3.690				6.0096		3.687
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		On one block						On two blocks						On three blocks

		Time ( s )		Position ( m )				Time ( s )		Position ( m )				Time ( s )		Position ( m )

		3.90E-03		0.6657				3.90E-03		0.677				3.80E-03		0.661

		0.1071		0.6659				0.1072		0.679				0.1071		0.664

		0.2103		0.6659				0.2105		0.684				0.2104		0.670

		0.3136		0.6682				0.3137		0.692				0.3137		0.681

		0.4169		0.6735				0.4171		0.703				0.417		0.695

		0.5202		0.6785				0.5204		0.718				0.5204		0.715

		0.6234		0.6864				0.6237		0.735				0.6237		0.738

		0.7267		0.6953				0.7271		0.756				0.7272		0.766

		0.83		0.7046				0.8305		0.779				0.8306		0.798

		0.9334		0.7163				0.9339		0.806				0.934		0.835

		1.0367		0.7293				1.0373		0.835				1.0375		0.877

		1.14		0.7437				1.1407		0.866				1.141		0.923

		1.2433		0.7607				1.2442		0.902				1.2446		0.971

		1.3467		0.7788				1.3476		0.938				1.3481		1.026

		1.4501		0.7976				1.4511		0.979				1.4517		1.086

		1.5534		0.8177				1.5546		1.023				1.5553		1.147

		1.6568		0.8405				1.6581		1.070				1.659		1.214

		1.7602		0.8631				1.7616		1.118				1.7626		1.285

		1.8636		0.8877				1.8652		1.171				1.8663		1.359

		1.967		0.9141				1.9688		1.225				1.97		1.439

		2.0704		0.9414				2.0723		1.283				2.0737		1.521

		2.1738		0.9689				2.1759		1.341				2.1775		1.608

		2.2772		0.9993				2.2795		1.405				2.2812		1.700

		2.3806		1.0296				2.3832		1.471				2.385		1.794

		2.484		1.0625				2.4868		1.537				2.4889		1.892

		2.5875		1.0954				2.5905		1.608				2.5927		1.993

		2.6909		1.1296				2.6941		1.680				2.6965		2.095

		2.7944		1.1663				2.7978		1.756				2.8002		2.161

		2.8978		1.2022				2.9015		1.833				2.9039		2.239

		3.0013		1.2415				3.0052		1.914				3.0071		2.233

		3.1048		1.2804				3.1089		1.995				3.1103		2.232

		3.2082		1.3201				3.2127		2.080				3.2135		2.230

		3.3117		1.3601				3.3164		2.164				3.3168		2.229

		3.4152		1.4011				3.4199		2.216				3.4201		2.239

		3.5187		1.4451				3.5236		2.288				3.5244		2.416

		3.6222		1.4893				3.6269		2.293				3.6277		2.426

		3.7257		1.5340				3.7316		2.553				3.7306		2.370

		3.8292		1.5780				3.8346		2.496				3.8334		2.300

		3.9327		1.6257				3.9376		2.461				3.9447		3.688

		4.0363		1.6723				4.0412		2.514				4.0395		2.236

		4.1398		1.7216				4.1439		2.431				4.1512		3.688

		4.2433		1.7711				4.247		2.408				4.246		2.231

		4.3469		1.8201				4.3507		2.483				4.3492		2.225

		4.4504		1.8714				4.4536		2.425				4.4524		2.226

		4.5539		1.9224				4.5565		2.370				4.5642		3.688

		4.6575		1.9753				4.6589		2.221				4.6674		3.689

		4.761		2.0299				4.7707		3.690				4.7707		3.688

		4.8646		2.0827				4.8739		3.690				4.8739		3.688

		4.9682		2.1372				4.9772		3.690				4.9772		3.688
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