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Abstract
A 2-liter bottle rocket refers to an inverted 2-
liter soda bottle with a hydrogen-oxygen gas
mixture that can be ignited to launch the bottle.
In this experiment, five two-liter bottle rockets
were set up on a rocket launching platform and
each rockets motion was analyzed using high-
speed video at 1200 frames per second. The
hydrogen gas (H2) and oxygen gas (O2) were
mixed with various concentrations. Through
the use of two single replacement chemical re-
actions and the principle of water displacement,
the gases were generated and stored inside the
2-liter bottles. The motion of each rocket was
analyzed using Tracker software to determine
the net force, impulse, burn time, and maxi-
mum speed in order to ascertain the effect of
the gas concentrations on the mechanics of the
rocket.

Chemical Background
Our fuel mixture consisted of hydrogen gas (H2)
and oxygen gas (O2) generated from the follow-
ing single replacement and decomposition reac-
tions in various concentrations.

Zn(s) + 2HCl(aq) −→ H2(g) + ZnCl2(aq)

KI(s) + 2H2O2(aq) −→ O2(g) + 2H2O(aq)

+ KI(aq)

In order to fill our 2-liter bottle rockets with the
fuel mixture with certain ratios of the gases, we
used the principle of water displacement. Each
bottle was filled with water and turned upside
down in a trough. It was then filled with gas un-
til the water displaced for each fuel component
met the predetermined ratios shown below.

Bottle H2:O2 Ratio
A 1:1
B 1:3
C 3:1
D 1:2
E 2:1

Physics Background
The forces on the 2-Liter bottle rocket while the
gases are reacting are thrust, drag, and gravita-
tion.

Newton’s second law can be used to calculate the
net force on the rocket.

Fnet,x =
dpx
dt

= m
dvx
dt

= max (1)

The product of the net force on the rocket and the
time interval that it acts is known as impulse.

Impulse ≡
∫ tf

ti

Fnet,xdt = ∆px (2)

Apparatus

For each launch, we placed the 2-L bottle upside
down into a ring stand. A small thin strand of
steel wool and a battery were used as a fuse. A
meterstick was used to calibrate distance in the
video.

Measuring Motion
The bottom and top of the bottle were marked in
each frame of the video, and the position of the
center of mass was calculated and graphed.

Bottle E

The x-velocity vs. time graph shows that the bot-
tle accelerates, reaches a maximum speed (which
may remain constant for a brief time interval), and
then gradually slows down.

Measurements
The average acceleration of the rocket, its max-
imum speed, and the burn time of the reaction
were measured. Bottle C did not ignite.

Calculations
•The average net force during the acceleration

phase of the motion is Fnet,avg,x = max where
ax is the slope of the approximately linear part
of the vx vs. t graph.
•The maximum speed is the arithmetic mean

of the approximately constant speed after it
peaks.
•The burn time is measured from the video be-

tween ignition and when the flame in the bot-
tle can no longer be seen.
• Impulse = m∆vx = mvmax

•During the burn of the rocket:

Fnet,avg = impulse
burn time

Results
It was expected that Bottle E would have the
greatest average net force during the burn and
the greatest impulse since the ratio H2:O2 = 2:1
would have the greatest number of molecules
reacting to produce water H2O. It was observed
that:

•Bottle E had the greatest acceleration and
greatest acceleration during the acceleration
phase of the motion.
•The burn times were similar accept for Bot-

tle D which was also the weakest reaction ob-
served.
•Bottles A, E, and D had similar impulses.
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