PHY105

Oct 12, 2005

Lab Test

1) A cart is placed on a two-meter long inclined ramp.  The position of the cart is measured by a motion detector and the data is shown below.  Graph the data and determine:

a) The initial velocity of the cart.

b) The height of the end of the ramp above the lab table

	t (sec)
	x (m)

	0.00
	0.000

	0.10
	0.113

	0.20
	0.251

	0.30
	0.414

	0.40
	0.603

	0.50
	0.817

	0.60
	1.057

	0.70
	1.321

	0.80
	1.612

	0.90
	1.927
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A cart on an incline should have constant acceleration, so we fit the Position versus Time data to a kinematics equation that is solved for position as a function of time in a constant acceleration situation, namely

x = x0 + v0 t + ½ a t2

which is a polynomial of order 2.  We can then identify the numbers from the fit with the parameters in the kinematics equation. 

x0 = 0.0001 m

v0 = 1.0001 m/s

a = 2.5356 m/s2
The middle identification above answers part a.  
Next, we consider the forces acting on the cart (gravity and the normal force).  WE will neglect any frictional force.  We break the gravitational force into components tangential to and perpendicular to the incline.  The tangential component (mg sin(() where ( is equal to the angle between the incline and the horizontal) is unbalanced and leads to an acceleration of g sin(() as given in the lab description.  Equating the expression from dynamics with the value of acceleration from the fit and using g=9.8 m/s2 allows us to solve for the angle. 

( = 15°
Noting that the plane is 2.0 m in length and inclined at an angle of 15 degrees, we can determine the height of the incline using that relationship sin ( = opp/hyp. 

Height = .52 m

2) Three strings are attached to a washer.  The washer is at the center of a force table.  A total of 150 grams is placed at the end of one of the strings that passes over a pulley which is placed at the 120º mark on the table.  The second string is passed over a pulley located at the 250º mark and a total of 200 grams are attached to the end of this string.  The third string is attached to the force sensor.  If the washer is in equilibrium, 

a) At what degree mark will the string attached to the force sensor align with?

b) What is the reading on the force sensor?
Since the washer is in equilibrium, the three horizontal forces acting on it (the tensions) should add up to zero. Take the masses, convert them from grams to kilograms and multiply by g=9.8 m/s2 to obtain the first tensions in newtons.  

T1 = (.150)*9.8 = 1.47 N

T2 = (.200)*9.8 = 1.96 N

Next, break these tensions into components.   

T1x = - 0.735
T1y = 1.273

T2x = -0.670

T2y = -1.842

From the equilibrium condition, we have 

T1x + T2x + T3x = 0

T1y + T2y + T3y = 0

Giving 
T3x = 1.405 N

T3y = 0.569 N

The magnitude of the force is given by Pythagorean theorem. 

|T| = 1.516 N

The angle (from the x axis) is obtained taking the arctangent of the y component divided by the x component (as given in the lab description).  
( = arctan (T3y/T3x) = 22°
(Since both components are positive, we expect an answer in the first quadrant.) 
3) Below is data recorded from a two dimensional projectile motion lab which launched a steel ball in the horizontal direction.  Graph the data and from the graph determine the initial speed of the steel ball as it leaves the spring gun.
	y-height(m)
	x-distance(m)

	0
	0.000

	0.1
	0.471

	0.2
	0.667

	0.3
	0.817

	0.4
	0.943

	0.5
	1.054


In this projectile problem the initial velocity is purely horizontal, so the kinematics equations would be 

X = v0t

0 = Y – ½ gt2
Where X is the final horizontal position assuming the initial horizontal position is 0, and where Y is the initial vertical position assuming the final vertical position is 0. Since our data does not involve time, we solve one of the above equations for t and substitute the result into the other equation. 
Y = ( g / (2v02) ) X2
as derived in the lab description. 
In Excel the first column of numbers highlighted is placed on the x-axis. Thus if we want the x data on the x-axis, we must reverse the columns.  Furthermore, the type of fit relevant here is a power law, and power-law fits in Excel do not allow 0’s, so that (0,0) data point should not be used (it is implied by the choice of fit). 
	x-distance(m)
	y-height(m)

	0.471
	0.1

	0.667
	0.2

	0.817
	0.3

	0.943
	0.4

	1.054
	0.5
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Identifying the coefficient above with the coefficient in the theory 
0.4497 = ( g / (2v02) )

And solving for the initial velocity yields 

v0 = 3.30 m/s

4) Calculate the unknown masses in the set-up shown below.  Use a protractor if you need to measure any angles. 







Establish a coordinate system (e.g. the x-axis is horizontal and +x points to the right and the y-axis is vertical and +y points up).  Introduce the variables T1 and T2, the tensions associated with masses M1 and M2 respectively. Determine T3 to be 4.655 N in the negative y direction.  
	Force
	X-Component
	Y-Component

	1
	-T1 cos(45) = -0.707 T1
	+T1 sin(48) = 0.707 T1

	2
	+T2 cos(65) = 0.423 T2
	+T2 sin(65) = .906 T2

	3
	0
	-4.655

	Sum=0
	-0.707T1 + 0.423 T2 = 0
	0.707T1 + 0.906T2 - 4.655 = 0 


Solve the X-component equation for T2 

T2 = 1.671 T1

And substitute into the Y-component equation and solve for T1

0.707 T1 + 0.906 (1.671 T1) - 4.655 = 0

0.707 T1 +1.514 T1 = 4.655 

2.221 T1 = 4.665 

T1 = 2.100 N

Then use the first equation to obtain T2

T2 = 1.671 (2.100) = 3.509 N

Divide the tensions by g=9.8 to determine the corresponding amount of mass required to generate such a tension. 

M1 = T1/g = 2.100/9.8 = 0.214 kg = 214 g

M2 = T2/g = 3.509/9.8 = 0.358 kg = 358 g

M2





M1





M3 = 475 g

















