Physics I [Physics 161]
Laboratory Activity 2: One Dimensional Kinematics and Dynamics

(1) Using your hand-held timer, determine the time that it takes for your aluminum ball to fall from a height of 65 cm to the floor. As always, be sure to include the numerical and percent uncertainties associated with all of your measurements.
Observation:

t65 = ______________  ±  ____________________  seconds.

t65 = ______________  ±  ____________________  % .

(2) We are now going to assume two different, contradictory points of view. First of all, assume that your ball falls with constant velocity. Using this assumption along with the results of your measurements in part (1), predict the time required for the ball to fall 260 cm. Propagate any errors from part (1) into your prediction.
Prediction:
t260 = _____________  ±  ___________________  seconds.
(3) Now assume that your ball falls with constant acceleration. Using this assumption along with the results of your measurements in part (1), predict the time required for your ball to fall 260 cm. Make no particular assumptions about the magnitude of the ball’s acceleration here! Simply argue from your results in part (1). Once again, propagate any measurement errors into your prediction.
Prediction:

t260 = _____________  ±  ___________________  seconds.
(4) Time the ball’s descent from a height of 260 cm, including uncertainties, and compare your result with the predictions in parts (2) and (3). Does this experimental result agree with either prediction? If so, which point of view is supported, that of constant velocity or that of constant acceleration? 
Observation:

t260 = ______________  ±  ____________________  seconds.

t260 = ______________  ±  ____________________  % .

(5) Assume that the ball’s acceleration is constant, and use the one-dimensional kinematical equations to relate the distance that the ball falls, d, the time that the descent takes, t, and the acceleration that the ball experiences, a. Write your equation relating the three variables below.
(6) Use the data from your 260 cm drop and your equation from part (5) to determine the ball’s acceleration, again, propagating the errors through into your result.

Calculation:

a = ______________  ±  ____________________  % .

a = ______________  ±  ____________________  cm/s2.

(7) Using the hand-held timers is an undeniably crude way of attacking this problem. From here on, we shall be using photogates that interface with the lab PCs. The complete set-up will consist of (a) a top photogate, (b) a bottom photogate, and (c) a floor sensor. We define the following variables:
d1 = the distance from the top photogate to the bottom photogate.

d2 = the distance from the top photogate to the floor sensor.
t1 = the time it takes the ball to fall from the top photogate to the bottom photogate.
t2 = the time it takes the ball to fall from the top photogate to the floor sensor.

v0 = the initial vertical speed that the ball has when it passes through the top photogate.

a = the magnitude of the ball’s acceleration as it plummets.
Note that v0 is not assumed to be zero! No matter how close to the top photogate you release the ball, it will still have some non-zero speed as it passes through. Failing to account for this speed will significantly affect your measurement of a.

(8) Use your kinematical equations to derive a relationship between d2 , t2 , a, and v0 . Similarly, derive a relationship between d1 , t1 , a, and v0 .

(9) Use the two equations in part (8) to eliminate the uninteresting variable v0 and solve for a in terms of the remaining four variables. Show John your equation before proceeding further.
(10) Measure and record the values of d1 and d2 for your experiment, including uncertainties. Use your timing software to measure t1 and t2 for your experiment, including uncertainties.
(11) Finally, use your data along with the expression for a that you derived in part (9) to determine the ball’s acceleration in flight. Propagate your errors, and record your final result below.
Calculation:
a = ______________  ±  ____________________  % .

a = ______________  ±  ____________________  cm/s2.
