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FREE FALL EXPERIMENT
By Name

 Course

Tutor

Institution

City/State

Date

Introduction 

The main aim of this experiment was to verify the theory of free-fall with air resistance. This experiment was performed in order to compare and study the free-fall of a ball of Blu Tac, a balloon filled with air and a balloon filled with air with the Blu Tac attached. Estimates of g (acceleration due to gravity), terminal velocity and air resistance coefficient were then calculated from the experimental results and compared with theoretical values. A light object with a high resistance coefficient reaches its terminal velocity, Vt (hence its maximum speed) quickly during free-fall. This explained the choice of a balloon in the experiment.
Methodology

The experiment required a balloon, a piece of Blu Tac, an electronic timer, electronic weighing scales and one measuring stick. The time taken to fall from a given height to the ground was measured for each object for ten different heights. The height range was 0-2m. Absolute care was taken to avoid experimental errors. A table detailing the time taken to fall to a given height above ground for each object was drawn. An additional column detailing the height relationships to the square of time taken to fall to that height was also drawn. This additional table was used to calculate the experimental value of acceleration due to gravity. From the experimental results, relevant graphs were drawn for analysis of motion of the three different objects in the experiment with relation to free-fall and terminal velocity.
Data and Results
Mass of balloon = 2.3937g, mass of Blu-Tac = 3.0082g
Other experimental results were as tabled below.
Table 1: Results
	Height (m)
	Time (s)

	
	Balloon only
	Blu Tac only
	Balloon + Blu Tac
	Theory Curve

	
	t(s)
	t2
	t(s)
	t2
	t(s)
	t2
	t

	0.2
	0.25
	0.0625
	0.1
	0.01
	0.21
	0.0441
	0.202

	0.4
	0.58
	0.3364
	0.13
	0.0169
	0.26
	0.0676
	0.2857

	0.6
	0.74
	0.5476
	0.18
	0.0324
	0.35
	0.1125
	0.3499

	0.8
	0.81
	0.6561
	0.24
	0.0576
	0.47
	0.2209
	0.4041

	1.0
	0.95
	0.9025
	0.27
	0.0729
	0.54
	0.2916
	0.4518

	1.2
	1.2
	1.44
	0.35
	0.1225
	0.60
	0.3600
	0.4949

	1.4
	1.34
	1.7956
	0.38
	0.1444
	0.69
	0.4761
	0.5345

	1.6
	1.43
	2.0449
	0.44
	0.1936
	0.76
	05776
	0.5714

	1.8
	1.65
	2.7225
	0.61
	0.3721
	1.20
	1.44
	0.606

	2.0
	1.8
	3.24
	0.68
	0.4624
	1.23
	1.5129
	0.6389


Graphs
[image: image1.emf]A Graph of Height against Time
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Figure 1: graph of height against time
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Figure 2: Graph of height against the square of time for balloon only
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Figure 3: Graph of height against the square of time for Blu Tac only
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Figure 4: Graph of height against the square of time for balloon and Blu Tac

Results Analysis
From [image: image6.png]



[image: image7.png]



in other words, {slope of height against t2 X 2}

for Balloon only, g = [image: image9.png]change iny , 5 = 15708,
change inx 2104




1.17m/s2

for Blu Tac only, g = g = [image: image11.png]changeiny y 3= 22,3 =
change inx 2 04 2=1



m/s2
for Balloon + Blu Tac, g = [image: image13.png]change iny y o= 12 o

change inx o7



3.15m/s2
Calculation for the Terminal Velocity of the Balloon + Blu-Tac

Vt = gradient of terminal portion of height v time graph:
For balloon + Blu Tac = [image: image15.png]


 and For Balloon only = [image: image17.png]



Value of the air resistance co-efficient of the balloon:
From Vt = √ (m.g / k), then k = mg/Vt2 = [image: image19.png]2.3937%10° kg*9.8m/s”
2T g 28m/s”




 = 0.015kg/m

Error Analysis
Room air conditioning, air draughts from the doors and windows were possible sources of error. Individual movement while performing the experiment might have caused air currents to drift into the path of the falling objects used in the experiment (Gluck, 2003, p 179). Faulty reading of the weighing scale measurements may have caused other experimental errors. The non-uniform shape of the balloon might have also been a source of error.
Estimated Error Value 
Gravity calculated value is 11m/s2 while the theoretical value is 9.8m/s2
Error = [image: image21.png]


 * 100 percent = 12 percent thus a deviation of about 12 percent from the theoretical value. The errors can be minimized by turning off room air conditioning, closing doors and windows and minimizing individual movement during the experiment. Care should also be taken by careful reading of the weighing scale values.
Discussion

Since free-fall can be described using the following equations:

a(t) = g 
v(t) = g.t 
y(t) = ½.g.t2 
Where a(t) is the acceleration as a function of time in m/s2
g is the acceleration of the body as a result of the force of gravity m/s2 and
y(t) is the distance above ground in m
The value of g, acceleration due to gravity, can be obtained from the plot of y(t) against the square of time. The value of g will be equal to the slope of the graph multiplied by 2. From the plotted graphs, the results for the Blu Tac only (for height against time squared) approximated the theory curve (plotted for g=9.8m/s2).
The results yielded an experimental value for gravity of 11m/s2. This deviated from the theoretical value of 9.8m/s2 by 12 percent. This deviation could be attributed to air draughts introduced into the room during the experiment from air conditioning, open doors and windows and individual movement. The air resistance coefficient for the balloon was found to be 0.015kg/m and was independent of the mass attached. The Blu Tac ensured that the balloon drop was vertical and much less erratic.
The terminal velocity for the balloon in this case was obtained from the straight straight-line end portion of the height against time graph. The gradient of this portion yielded the terminal velocity Vt. The value of Vt from this experiment was 1.25m/s and the air resistance coefficient obtained from this value was 0.015kg/m. Attaching the Blu Tac to the balloon did not lead to a significant change in the air coefficient of resistance, but a change in the terminal velocity occurred.
Conclusion

The experimental value of gravity was found to be 11m/s2 with the deviation from the theoretical value of 9.8m/s2 caused by experimental errors. This result was consistent with the theory since the deviation showed that the value was close to the theoretical value of 9.8m/s2. It was also found that the Blu Tac fell much faster as opposed to the balloon since it suffered less drag force effects. A significant change in the air resistance coefficient of the balloon was not realized even after a Blu Tac was attached to it. On the other hand, when the Blu Tac was attached to the balloon, there was a change in its terminal velocity. This was due to the added mass of the Blu Tac as can be concluded from the relation Vt = √ (m.g / k). From the equation, it was evident that an increase in mass (due to addition of the Blu Tac) led to an increase in the terminal velocity.
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