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Laboratory HI—F rlcﬁeﬁal Force

Statement of the Problem

Fln

The problem for this lab was to determine the frictional force on the cart as it is

accelerated by a hanging weight and then allowe;ﬁ to decelerate after the weight hits the |

ground. For our lab we used a cart, a string witha weight attached to it, a pulley, a ramp,

~a meter stick, astopwatch a digital video camera _and a computer to which the camera -

sent its information. We set the friction screw on the cart so that it slowed the cart down -

enough to give us good results in our video analysis. It took us a few tries to get the

friction set just right. We then pﬁt a 10-gram weight on to the 50-gram hanging weight.

' We measured out the distance the cart would be traveling from where we released it. We

also measured out the distance the cart would be traveling after the hanging weight lands

on the ground. We set up a marker next to the meter stick where the hanging weight hits

the ground. This way, when we linalyzed our video later we would be able to do two

analyses. The first analysis is from when we release the cart to when the hanging weight

hits the ground. The second analysis is from where the weight hits the ground to where

the cart stops.
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(Above is a picture of the lab setup)

After video taping the motion of the cart, we analyzed the video clip using the
LabVIEW program on the Macintosh computer to study the horizontal motion and the

velocity of the cart. -
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Prediction

Our group predicted the equation for the force of friction is
F=(friction coefficient)(mass of cart)(acceleration of the cart). We also predicted that the
cart w§u1d accelerate up until the point where the hanging weight hit the ground. After
the weight hit the ground, the cart would then decelerate because of the friction caused by
the screw. We also concluded that the graph horizontal position of the cart would be
parabolic due to the carts accelerating and then deceleratirig, We determined that the
equation for the position of the cart according to time is X (t)=x (0)*+v (0) t+(1/2) at"2.
This equation gave us a parabolic éurve, which is what we predicted it should be. The
equation for the horizontal velocity of the cart was V (t)=v (o)+a (). We concluded that

these equations would be the best and most accurate.
Data and Results

Using LabVIEW we were able to a.nélyze the motion of the cart. In order to
gather data for the whole motion of the cart, we had to analyze the video in two parts.

The first part we analyzed was from the release of the cart to where the hanging weight
liii :
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hit the ground. The second part we analyzed was from where the hanging weight hit the

ground to where the cart stopped. We marked off 2 52 cm section on the meter stick and
used that to calibrate our videos. After doing this we began to collect the data from the
movie. We did this by clicking on the end of the cart in the video. Each time we clicked
on the end of the cart the computer advanced .to the next frame and it plotted a paint on
the graphs at the bottom of tﬂe screen. We continued clicking on the cart until it got to
the marker marking where the hanging weight hit the ground. After doiﬁg this, we found
equations that fit the plotted points. We found that the equation for the position was

X (t=x (o)*+v (0) t+(1/2) at*2. When we put numbers into this equation we were able to
make the graph fit the plotted points. We did this same analysis for the two videos. The
equation we found for the motion of the cart is X (t)=0.51+1.151-0.33t"2. This equation
gave us a parabolic curve, which is what we predicted. The equation we received for the
horizontal velocity was V (t)=1.05-.50t. This equation_gave us a line with a negative

slope, meaning the velocity was constantly decreasing.
Conclusjon

Our prediction for the equation for friction was wrong. We predicted that the
equation for the force of friction would be
=(coefficient of frictibn)(mass of cart)(acceleration of cart). Our prediction of the graph
of the position being parabolic was correct, however. What we did wrong for the
frictional force equation was, we; forgot to'.ﬁgu'n'e in the mass and the acceleration of the

hanging weight. If we had-done this we would have had-the correct equation:

liv
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According to the results received from our graphs, the position was always

positive, but it didn’t increase atia constant rate. The velocity of the cart stayed constant
throughout the motion of the cart. From the results we received in our lab we can now
answer the original queston given to us. The question was, “Is the frictional force on an
object larger when that object speeds up than when it coasts?”. Using the correct
equation for the force of friction, we can tell that as an object speeds up, the frictional
force gets larger. Therefore, an object with a greater acceleration will i'xave a greater

force of friction acting on it than an object with a lesser acceleration.
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LAB #1, PROBLEM #3

STATEMENT OF THE PROBLEM

The problem was to determine the acceleration of an object moviné up and down
a ramp at all times during its motion. We pushed a cart up an air track from rest and
observed its motion up the track and then on the way down after it reversed direction at
the top of the inclined plane.

'We made numerous movies of the cart moving up and down the track, but settled
on just one video that accurately portrayed the velocity and acceleration of the cart
throughout the cycle. We analyzed the movie through the use of the LabVIEW program
provided to us by the physics department. Because the only motion we analyzed wasin

the x direction, the y portion of LabVIEW can be neglected.
PREDICTION

We were asked to predict the graph produced for the acceleration-versus-time
graph for a given initial velocity up the inclined plarie. We thought the acceleration
would be the same att‘the beginning of the run as near the end of the run. At the top of .the :
inclined plane we thought the acceleration would slow and then go to O m/s"2 After the
reversal in direction, we thoucht again that it would increase its acceleration all the way
- down the inclined plane So we reasoned ﬁ'om this that the equation needed to interpret

the data correctly would be the following:

lix
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Y=A+Bt+Ct"2

Because of the initial deceleration into a reversal of direction and the subsequent
acceleration down the ramp, we hypothesized a parabolic shape. We had a problem
coming up with the correct positiori of the shape however, and as a result our prediction
graph is not even remotely close to the final data results. For the predictions that [ made
on the position-versus-time graph, you can look to the lab journal report included in the
packet. For the group’s LabVIEW prediction, take a look at the computer printout of the

final results.

DATA AND RESULTS

We used a woodblock to set up the inclined plane. It lifted one end of the air
track about 10.14cm in the air. The other end rested on the table creating an angle of
3.30 degrees with it. We set up a couple of markers along the track to help us determine
| the speed of the cart. We set one at 126 and one at 7.5 near the end of the track. The 7.5
indication mark is where the cart reversed direction. The 126 marker is where we started
the timing of the cart. This information is included at the top of the lab journal entry.

The actual data cqllection consisted of several minutes of pushing the cart up the
ramp to get the desired video for the analysis. Next we entered our movie into the
LabVIEW program to be analyzed. We used the black plastic at either end of the cart to
calibrate the distance of the movie measurements. A portion of the LabVIEW program

was also dedicated to prediéting the velocity-vs. -time graph. This can also be found on

the copy of the lab journal entry.



vince
lx


UNCERTAINTIES

Much of the uncertainties lie in the method in which the initial speed and the
average speed were calculated. We calculated the average velocity for the entire round
trip, from the bottom to the top and back down to the bottom. We should have calculated
the average speed up the ramp, and then an average speed going down the ramp.
Although it is not possible to get the exact same trial twice, so the orﬂy way to determine
this would be the through the video made. I believe that our reasoning for finding initial
velocity was off as well. Which would have made our predictions off in the first couple

of graphs.

CONCLUSIONS

From our analysis and the graphs produced from the analysis, we determined that
the acceleration acting on the cart is equal throughout the entire trial is the same. So even
though the cart is slowing on the way up and speeding up on the way dowr, the
acceleration is the same.

Our prediction for the results of the position vs. time were right in assuming that it
would be a parabola, hoxyever the positioning was incorrect. The final equation for our
graph is

Y= 84t + .2t"2

On the other hand, our predictions for the graph of the velocity-time-time graph
were dead on. The graph of our prediction and the final x;esults can be found in the
analysis sheet in the packet. The line’s eduati‘oﬁ was

Y= 841 - 4t
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PROBLEM #3
CTIONAL FORCE

STATEMENT OF PROBLEM _

The problem was to study the behavior of frictional force on a cart. Is the frictional force larger
when the cart is gaining speed do to an applied force than when it coasts and -slows down because of
friction? We used the following equipment in our experiment: meter stck, stopwatch, wdco camera,
computer with video analysis software, track, cart and weights, The experimental setup is illuswrated in

appendix one.

PREDICTION

In order to help answer the problem we needed to find the value of the frictional force when the
force was applied and when there was no applied force. We calculated the frictional force in terms of the
mass of Object A, the mass of the cart and the acceleration of the cart. These are known or measurable
values. _

For the situation where the cart was being pulled by Object A the equaton was derived using
“Newton's Second Law of Motion.”
Sum of the forces on Object A: _
' IF,=maa
maa=W,-T
maa=mag-T
Sum of the forces on the cart:

IFc=mca
mca=T-fy
The force of tension in both of the above equations has the same magnirude. Thus, the two equations can
be combined using substitution for T. ‘
| fr=mg-a(matme) ()
- This is the equation for the force of ﬁictiqn in tﬁe first sitnation.

For the second situation where no force is being applied and the cart was slowing down do to
friction the following equation was derived using “Ncwfdn's Second Law of Notion.”

| . ZFc=mea
fe=mca . : @

From these equations our group decided that there should be no difference in the value of the

fricdonal from situation one to situation 'two. Kinetic frictional does not act like static ﬁiction. When the
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force applied on the object increases the kinetic friction does not increase with it, it stays fairly constant

as long as the object is stll kinetic.

DATA AND RESULTS
To minimize the time of the lab we did not make two different videos for the two situations.

fnstmd we marked the spot on the track that corresponded to Object A hitting the ground. This way the
analysis could be done in two parts on the same video. We also found the spot on the track that
corresponded to when Object A was hanging from its designated height of 0.50 meters (50 cm). This way
we had a repeatable experiment given the designated starting point The meter stck was laid horizontally
to measure the horizontal distance of the second situation. We also timed the entire motion of the cart to
help us make our predictions. -

We made four runs to determine a good time for the entire trip of the cart. The timed trip is 1.66
seconds with an uncertainty of + 0.04 seconds. To find the value of the frictional force we needed to
know the mass of Object A, the mass of the cart and the acceleration of the cart in both of the situations.
For the mass of object we took a 50 g mass and added 50 g weight to it making a total of 100 g. We
weighed the mass of the cart on the triple beam balance and obtained a mass of 509.2 g because the
precision of the balance is unknown and we got a consistent result for the mass when we weighed it again
we assigned no uncertainty to this measurement. To determine the acceleration of the cart we needed to
analyze our video and obtain graphs of the carts motion. The graphs of the results from the video analysis
are displayed in appendix two. .

Using kinematics and the equations from our video analysis the acceleration in both situations can
be found easily.

Position formula: X = xg — Vot + 0.5at?
Results for situation one:
x(t)=0+0.3t+0.49¢
From the model of the position formula we found the acceleration for situaton one to be 0.98 m/s”.
Results for situation two:
x(t) =0.51 + 1.15t - 0.329¢
Using the position formula as the model the acceleration for situation two is 0.658 m/s%.

If we take equations 1 and 2 and plug all our measurements into their respective spots the values
of the kinetic frictional force can be obtained for.both situations. For situadon one let m, be the mass of
Object A (in ldlograms), let mc be thé mass of the cart (in kilograms), let a be the acceleration of the cart
(in m/s?) and let g be the acceleration due to gravity. When the measurements are plugged in, kinetic

frictional force for situation one is computed to be 0.385 newtons. For situation two let m¢ be the mass
[Xviii ' '
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of the cart and let a be the acceleration of the cart In situation two the value for kinetic frictonal force

came out to be 0.335 newtons..

The calculated values for the kinetic frictional force are only within tenths of each other. The
reason for this is probably due to the quality of our video and the fact that we put the two situatons on
Just one video. If the video wasn’t at the exact point where Object A hit the ground our accsleraton
results could have been slightly different. Other than that the results should speak for themselves.

CONCLUSION
According to our results the predictions that we made were correct. The frictional force is not

greater when a force is applied and the cart speeds up than when no force is applied and the cart slows
down due to gravity. Unlike static friction, kinetic friction does not change in magnitude depending on
the force applied.

There were no major problems in the process of our experiment. The only improverments that can
be made are in the analysis of our video. Uncertainty to exactly where the cart was relative to the falling
Object A created confusion on where to stop analysis of situation one and where to begin situation two.
This experiment involved a lot more calculations and was challenging. Overall we feel we did an
excellent job in performing this lab. '
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