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Non-conservation of mechanical energy in spring-launching toy poppers
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The law of conservation of mechanical energy states that, in an isolated system, mechanical energy
remains constant as energy transforms between its kinetic and potential form without loss. This
experiment investigates if energy is conserved in a 0.0055 kg spring-launching toy popper. When
compressed, the toy stores elastic potential energy that is then converted to kinetic energy as the toy
is released. The kinetic energy is then converted to gravitational potential energy as the toy ascends.
A two-tailed paired t-test comparing the initial kinetic energy and gravitational potential energy
at maximum height across ten repeated trials of the same popper yielded a statistically significant
difference from zero. This result appears to suggest that mechanical energy was not fully conserved,
but a more likely explanation is that we did not account for the presence of non-conservative forces
such as air resistance during launch.
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I. INTRODUCTION

The energy associated with the motion of a mass m
moving at velocity v is known as kinetic energy [1–3].
This directionless, or scalar, quantity, is given by

KE =
1

2
mv2. (1)

The energy associated with an object’s position within a
conservative force field is known as its potential energy,
which is given by the negative of the work exerted by the
a force, or [1–3]

PE = −
∫

F⃗ · dr⃗. (2)

The gravitational force exerted on objects near Earth’s
surface has a downward direction with a magnitude of
mg, where g = 9.8m s−2 at Earth’s surface [1–3]. Here,
we’ll assume that upward vertical displacement y is posi-
tive, so total displacement comes from initial point y = 0
to final position y = h. We use this information to calcu-
late the gravitational potential energy of an object, given
by

GPE = −
∫ h

0

(−mg)dy, (3)

which evaluates to

GPE = mgh. (4)

A system’s total mechanical energy E is given by the
sum of its kinetic energy and potential energy. The law
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of energy conservation states that this sum will remain
constant unless external forces do work on the system [1–
3]. Based on this law, we set up a vertical launch system
where energy changes between different forms as some
object rises against gravity. In this system, the initial
kinetic energy of an object as it rises should be equivalent
to its potential energy at the time the object reaches its
maximum height and comes to a brief rest. Realistically,
mechanical energy may not appear fully conserved in this
system, due to losses not directly accounted for in our
measurements, such as air resistance, energy dissipation
into heat and sound, and inelastic behavior of the popper
material [4].

To test if energy is conserved, we took ten trials of the
same popper and evaluated the difference between ener-
gies in each trial. We hypothesize that either the mean
difference will be zero, consistent with energy conserva-
tion (H0); or that the mean difference will not be zero,
inconsistent with energy conservation (Ha). The latter
could also result from not accounting for all possible loss
mechanisms in our measurements.

II. METHODS AND MATERIALS

To begin our investigation on energy conservation, we
first measured the mass of a single toy popper (Lib-
erty Imports “Jumping Gens”; Allentown, PA) to be
0.0055 kg using a balance scale (Model CK10I; Arboleaf;
Plano, TX). Then, we stacked two meter sticks and
pinned them against a wall as a scale reference. We
also set up an iPhone 13 (Apple Inc; Cupertino, CA)
parallel to the rulers to record our experimentation at
60 frame/s. We began collecting data by compressing the
popper roughly 0.025m, as further compression would
result in the toy snapping through, and then releasing
it. After, we replayed the video to capture the greatest
height of the toy and enter it into a table. This pro-
cess was repeated for ten trials to account for random
variation.
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FIG. 1. F vs. x with two force data points per displacement
indicating a replicate trial. Popper snap-through instability
is visualized with a decrease in spring force around 0.025m.

We also collected data for the force applied on the pop-
per as its compression displacement increased. First, we
placed a popper onto a balance and then compressed the
popper in increments of 0.005m, up until the displace-
ment is 0.035m. We chose this displacement amount
since it would allow us to visualize the drop in force ap-
plied on the popper after the snap-through region of is
passed. This process was repeated twice. For each trial,
the mass displayed on the balance was converted to N,
according to F = mg, and recorded.
We used (4) to calculate the gravitational potential

energy at the peak height of the toy in each of our ten
trials. We calculated the launch kinetic energy (LKE)
across each ten trials by taking the data from our force-
displacement table and creating a force-displacement
function, for which we calculated the area under the curve
up to the toy’s snap-through region. This area is equiv-
alent to the popper’s elastic potential energy (EPE) in
compression, which, in an energy-conserving system, is
equal to the toy’s LKE. The math can be written as the
following:

LKE ≈ EPE ≈
∫ ∆x

0

Fdx. (5)

We evaluated the integral once for each ten trials us-
ing the displacement of compression in each using a
trapezoidal sum. Finally, using the Microsoft Excel ad-
don Analysis ToolPak, we ran a two-tailed paired t-
test to determine whether or not the mean difference
in energies is zero to some degree of uncertainty. Ad-
ditional analyses were carried out in R [5–7]. Data
and analysis code are provided at https://github.com/
devangel77b/427tchung-lab3.

III. RESULTS

As described in section II, the area under the F vs. x
curve was calculated for each compression displacement

TABLE I. Two trials of measuring spring force (N) and dis-
placement (m)

displacement, m spring force, N

0 0
0.005 1.442
0.005 1.501
0.010 2.816
0.010 2.953
0.015 4.239
0.015 4.374
0.020 5.778
0.020 5.603
0.025 7.770
0.025 7.565
0.030 6.710
0.030 6.889
0.035 5.374
0.035 5.943

TABLE II. KE, PE, and the differences

trial x, m LKE, J h, m GPE, J LKE −GPE, J

1 0.0254 0.0940 1.02 0.0550 0.0389
2 0.026 0.0985 1.18 0.9637 0.0348
3 0.024 0.0835 1.29 0.0696 0.0139
4 0.025 0.0909 1.13 0.0610 0.0300
5 0.027 0.106 1.32 0.0713 0.0347
6 0.026 0.0985 1.14 0.0617 0.0368
7 0.024 0.0835 1.24 0.0672 0.0163
8 0.025 0.0909 1.27 0.0685 0.0224
9 0.023 0.0764 0.91 0.0493 0.0271

10 0.026 0.0985 1.17 0.0630 0.0355

of the ten trials using a trapezoidal sum, which yielded
the LKE values that were inputted into Table II.

A two-tailed paired t-test using LKE − GPE values
from Table II yielded a t = 10.36, df = 9, p = 2.664 ×
10−6.

TABLE III. Mean and standard deviation of KE, PE, and
LKE-GPE, n = 10. Data from Table II.

mean ± 1 sd

launch kinetic energ, LKE, J 0.092± 0.009
max gravitational potential energy, GPE, J 0.063± 0.007
difference, LKE −GPE, J 0.029± 0.009
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IV. DISCUSSION

A. Interpretation

The goal of this experiment was to test the law of en-
ergy conservation using a toy popper. Overall, we were
unable to accurately present this law. We wrote this
lab with the intention of showing that the mean differ-
ence in LKE and GPE would not significantly differ from
zero, since that would be an effective representation of
the law. Our statistical test, however, yielded a p-value
of p = 3 × 10−6, a value far below any common signifi-
cance level, meaning that there is a significant difference
between the LKE and GPE. Since the difference between
LKE and GPE was positive across each trial, we have
a potential indicator that there were non-conservative
forces acting on the toy which resulted in energy dissi-
pation as it ascended. Something like air resistance may
have applied negative work on the system, dissipating
energy and reducing the amount that can be converted
into GPE [1–3].

B. Sources of experimental error

The human eye being unable to look at two places
simultaneously may have been a potential confounding

variable. When recording the height of the toy, we had to
look at the toy scanning for when it would approximately
have zero speed in the air. We would then quickly look
at the meter stick taking that height to account. This
height may have been overestimated or underestimated
depending on when the person watching the toy looked at
the connected meter sticks on the right. We took 10 trials
and averaged this out on purpose to try and avoid this,
however it most likely still affected our results. Another
potential source of error is ignoring air drag, which likely
went against the object’s motion; failure to account for
this may provide an underestimate of the total energy in
the system.
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