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Introduction 

This lab report covers two experiments: The law of conservation of energy is verified experimentally in
Part I, and energy dissipation during a parachute drop is observed in Part II. In both of these
experiments we track the total energy in the system, and comment on the conservation or lack thereof
of energy.

Reference 

Young and Freedman, University Physics, 12th edition: Chapter 7

Part I

Experiment 

To test the law of conservation of energy we used a low friction cart on an inclined ramp. The cart was
initially given kinetic energy by a spring launcher, which used stored potential energy in propelling the
cart up the ramp. At the top of the ramp a motion sensor recorded the position of the cart throughout the
experiment. The ramp was inclined at 15 degrees above the horizontal. The spring, with k=400
newton/meter, was compressed 6.5 cm before being released to launch the cart. 
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Data Analysis
 
All data was collected in Data Studio, then copied to Microsoft Excel. The cart initially moved up the
ramp propelled by the spring, until the its kinetic energy was completely converted to potential energy
at the top of the ramp. At this point, the cart stopped then reversed direction. Figure 2 is a plot showing
position vs time for the data that we analyzed.

 
The experiment was repeated a number of times to get acceptable data, see the discussion for an
explanation of the effects of recoil on the collected data. Once energy losses were minimized, we
calculated the total energy of the system by separately calculating potential and kinetic energy for each
point in time:

Pe=m⋅g⋅h=m⋅g⋅d⋅sin 

K e=
1
2 m⋅v

2=1
2 m⋅ d 2−d 1

t2−t1 
Etotal=PeK e

Substituting in the actual values leaves the equations:
Pe=0.853kg⋅9.81m/ s2⋅d⋅sin 15º 

Ke=
1
2

0.853kg⋅ d 2−d 1

t2−t1 
Etotal=PeKe
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65 data points were collected during the initial launch parabola, and the above equations were applied.
The total energy of the system on average was 0.860+4.1% joules, although the total energy decreased
somewhat during the experiment due to non-conservative forces such as friction and unavoidable losses
such as the motion of the table. During the run, the average energy loss was 0.0006 watts (joules per
second). Total, kinetic and potential energy are plotted versus time in Figure 3.

Results 

Overall, when dealing with gravitational potential and kinetic energy we found energy to be conserved,
verifying the law of the conservation of energy. Although there were slight losses due to friction and air
resistance, they had negligible effect on the result and were to be expected. The total energy in the
system throughout the experiment was  0.860+4.1% joules, which did not change significantly with
time. Therefore the experiment was considered a success. 

Discussion

A major inconsistency in this experiment is the energy loss on the recoil associated with the spring/cart.
Every time the spring exerted a force on the cart, the cart exerted a force on the spring, which in turn
was exerted on the whole ramp assembly. We found it difficult to isolate this force and prevent the
ramp from moving, so some of the energy from the spring was expended moving the experimental
apparatus across the table, rather than transferred back to the cart. 
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A potential way to improve this situation would be to rigidly fix the launcher and track to a heavy and
inelastic table (high inertia). The amount of motion of such a table would be insignificant compared to
the friction losses of the cart's bearings. With our track setup however, we can see the non-ideal point in
the trajectory parabola caused by the assembly recoil. 

Part II

Experiment

In Part II we analyzed a video of a weight falling while suspended by a parachute. A parachute is
designed to increase air resistance with minimal weight to decrease the terminal velocity of an object.
Data was collected using World in Motion, then was exported to Microsoft Excel. The mass of the
object was given to be 280kg and the constant K was unknown. 

Data Analysis 

Data was analyzed similarly to Part I in terms of kinetic and potential energy. We went further to
extrapolate the force of air on the parachute, and the work the air was doing. The calculations are as
follows:

v=
h2−h1

t2−t1
Pe=m⋅g⋅h=280kg⋅9.81m / s2⋅h

Ke=
1
2
m⋅v2=140⋅v2

Etotal=PeKe

Fair=K⋅v
2

W air=∑h⋅Fair

For example, once the terminal velocity had been reached, the numbers were:

v=10.49m−8.57m
3.6s−3.4s

=9.5m / s

Pe=280kg⋅9.81m / s2⋅9.5m / s=28817.15j

K e=
1
2

280 kg⋅9.5m / s2=12890.58j

Etotal=28817.15j12890.58j=41707.72j
Fair=K⋅9.5m / s2=m⋅g=1623.089N

W air=∑h⋅Fair=27461j
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Results 
We can see by the plot in Figure 4 that energy is not conserved in this experiment – it is instead
dissipated to air resistance. However the total energy plus work remains constant, so nothing is
vanishing without a cause. 

We calculated K = 17.62+8% based on an average terminal velocity of 8.839+6% m/s.  

Discussion
The calculated value of K (m*g) was vastly different than the K value required to keep the work/energy
total constant- it differed by a factor of 2. This is not too unreasonable since we don't know the exact
mass of the object and the parachute may be more or less efficient than the ideal equation. 
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