The Effect of whether the Cart is pushed Up or Down on the Ramp on the Acceleration of the Cart
Design:
Research Question- How does whether you push the cart up the ramp or down the ramp affect its acceleration?
[bookmark: _GoBack]Hypothesis- I believe that when you push the cart up the ramp it will have a positive acceleration because the cart has to work against gravity to move upwards, so it will be slowing down. At the same time it is moving in the opposite direction and will have a negative velocity, so both of those factors combined should result in a negative acceleration. On the other hand I believe that if the cart moves down the ramp it will have a positive acceleration because it will be gaining speed with the help of gravity pushing it down, and at the same time it will be moving in a positive direction and have a positive velocity.
Variables- The independent variable of this experiment is whether or not you push the cart up the ramp or let it fall down the ramp. The dependent variable is the acceleration of the cart. The constants of this experiment include the angle of the ramp, the cart used, the force applied to the cart when pushing it up, and the timer used.
Procedure- First we set up the ramp on level ground and hooked up the pathway on the twelfth rung. We placed the cart at the bottom of the ramp and placed the photogates in two random locations; we chose to start out with 30 centimeters and 60 centimeters. We attached one wire from the first photogate (the one closest to the bottom) to the “A” part of the timer and the second wire to the second photogate (the one closest to the top) to the “B” part of the timer. Then, with a consistent force that we apply when running the rest of the trials, we pushed the cart up the ramp. Someone caught the cart at the top and another person recorded the times for A, B, and the time passed from A to B. To do this we pressed the A button to see the B time, the B button to see the A time, and pressed both to see the time from A to B (when the light is on over A it shows the A time and vice versa with B, and when both lights are on it shows the time from A to B). Then we switch the wires on the timer, reset the timer, and release the cart from the top. Someone held the bottom of the ramp so that it wouldn’t shake and mess up the data. We then recorded that data in a separate chart made specifically for when the cart when down the ramp. We then switched the wires on the timer and reset it again to push the cart back up. We repeated this twice for both pushing the cart up and letting it roll down before setting the photogates in two different positions and repeating this process. We did this for five total positions.
Data Collection and Processing:
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	I chose to separate the raw data into two charts: one for pushing the cart up and one for it falling down. If they were combined the chart would have been too large and confusing. I then made one chart for the averages because they were necessary in finding the velocity, which was necessary in finding the acceleration. To accurately show acceleration in my graph I made the x-axis the average time from A to B and the y-axis the final velocity.
Sample Calculation- 
Position: 40-75 centimeters going down ramp
A average: (0.0604 + 0.099 + 0.086) / 3 = 0.0818 seconds
B average: (0.0276 + 0.0293 + 0.029) / 3 = 0.0286 seconds
A to B average: (0.2804 + 0.3535 + 0.3333) / 3 = 0.3224 seconds
Velocity of A: 5/ 0.0818 = 61.125 cm/second
Velocity of B: 5/ 0.0286 = 174.825 cm/second
Acceleration: (174.825 - 61.125) / 0.3224 = 352.667 cm/s/s
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Conclusion and Evaluation:
	In the end the results of my experiment supported my hypothesis. The accelerations for the cart moving up and down both ended up being positive. While the velocity for the cart going up started out being negative, the process of finding the acceleration included subtracting the final velocity from the initial velocity, which resulted in a positive number. There were several limitations with this experiment, the main one being the force at which we pushed the carts going up the ramp. Since we’re human we can’t accurately exert the same amount of force for each trial, so the numbers weren’t as precise as they could have been. Also, since there were so many charts and calculations involved in this particular experiment, it’s possible that a few numbers could have been switched up in the process (specifically referring to the outlier for the acceleration of the cart being pushed up the ramp at 20-55 centimeters). Overall, however, the process was simple and the results revealed what was expected. If I had to do this project again I would have one person push the cart up every time and make a point to have them push the cart so that it reached a specific point on the ramp (that way the force would be more consistent). I would also create all of the charts ahead of time so I could simply fill them in as I went along instead of getting half of the numbers and getting the rest from my teammates (the combination of rushing and discerning handwriting could have resulted in some incorrect numbers).
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Position Acceleration for Cart Going Up (cm/s/s) Acceleration for Cart Going Down (cm/s/s)

30-60 cm 551.021 454.637

28-50 cm 524.336 357.71

40-75 cm 520.901 352.667

20-55 cm 939.776 362.806

15-30 cm 617.183 277.376
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Raw Data- Cart going up ramp

Trial 1 Trial 2 Trial 3

Position  A (seconds) B (seconds) Change in Time (seconds)A (seconds)B (seconds)Change in Time (seconds)A (seconds)B (seconds)Change in time (seconds)

30-60 cm 0.0256 0.0589 0.2043 0.0194 0.0294 0.1916 0.0227 0.0399 0.1719

28-50 cm 0.02 0.0256 0.0979 0.0205 0.0261 0.1001 0.0205 0.0253 0.0981

40-75 cm 0.0291 0.06 0.229 0.0205 0.035 0.1869 0.0208 0.0394 0.1667

20-55 cm 0.0164 0.0217 0.1313 0.0207 0.0315 0.1673 0.011 0.0397 0.1841

15-30 cm 0.0286 0.0429 0.0974 0.0258 0.0355 0.0855 0.0254 0.0345 0.0845
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Raw Data- Cart going down ramp

Trial 1 Trial 2 Trial 3

Position  A (seconds) B (seconds) Change in Time (seconds)A (seconds)B (seconds)Change in Time (seconds)A (seconds)B (seconds)Change in time (seconds)

30-60 cm 0.0655 0.0295 0.2661 0.096 0.0269 0.2157 0.0503 0.0276 0.2281

28-50 cm 0.0351 0.026 0.1372 0.0344 0.0259 0.1365 0.0352 0.026 0.1376

40-75 cm 0.0604 0.0276 0.2804 0.099 0.0293 0.3535 0.086 0.029 0.3333

20-55 cm 0.0422 0.0251 0.2316 0.0527 0.0265 0.259 0.0405 0.0245 0.2205

15-30 cm 0.0568 0.0385 0.1497 0.0565 0.0387 0.1497 0.056 0.0383 0.1471
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Averages for Cart Going Up Averages for Cart Going Down

Position A (Seconds)B (Seconds)Change in Time (Seconds) A (Seconds)B (Seconds)Change in Time (Seconds)

30-60 cm 0.0226 0.0427 0.189 0.0706 0.028 0.237

28-50 cm 0.0203 0.0257 0.0987 0.0349 0.026 0.1371

40-75 cm 0.0235 0.0448 0.1942 0.0818 0.0286 0.3224

20-55 cm 0.016 0.031 0.1609 0.0451 0.0254 0.237

15-30 cm 0.0266 0.0376 0.0891 0.0564 0.0385 0.1486
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Velocity of Cart Going Up Velocity of Cart Going Down

Position A (cm/second)B (cm/second)A (cm/second)B (cm/second)

30-60 cm -221.239 -117.096 70.822 178.571

28-50 cm -246.305 -194.553 143.266 142.308

40-75 cm -212.766 -111.607 61.125 174.825

20-55 cm -312.5 -161.29 110.865 196.85

15-30 cm -187.97 -132.979 88.652 129.87


