Additional Explorations
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How High?

Using Mathematics to Estimate
Rocket Altitude
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Students are excited to learn what altitude

their rockets achieve. Altitude tracking is both
simple and tricky. If the rocket goes straight up,
it is pretty easy to get a good estimate of the
altitude. The altitude tracker activity (page 80)
provides a simple instrument and instructions
for estimating rocket altitudes. A baseline is
stretched out from the rocket launch site. The
angle to the rocket, just before it starts its fall
back to Earth, is measured. The tangent of the
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Sample Measurement:

Angle A = 40 degrees
Tangent A = .8391
Baseline b =25 m

a (altitude) =tan Ax 25 m

a=20.97m

angle is determined
from the tangent
table in the tracker
activity. The
tangent, multiplied
by the length of the
baseline, gives the
altitude.

Single
station tracking is
easy to do. If you
have two or more
students measure
the angle, averaging
their estimates can
increase accuracy.

Tracking
becomes more
challenging when
rockets stray from
straight up. Wind
will cause the
rocket to drift.
Wind pushes the
fins away while the
nose cone points
towards the wind.
This causes the
rocket to nose into
the wind, resulting in
larger altitude error
estimates.
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Tangent Table from the
altitude tracker activity
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Single Station

Too High!

One method for reducing windy day error is to
set up the baseline perpendicular to the wind
direction. In the diagram that follows, wind
causes the rocket to drift to the right. This
stretches the baseline a bit but the overall error
for the altitude is reduced. Challenge advanced
students to come up with a way of determe
how much the baseline changes when the
rocket drifts to the right.

Angle A is reduced but line b is increased
by the drift of the rocket.

Wind effects can also be addressed by
employing two tracking stations at opposite
ends of the baseline. The baseline is stretched
up and downwind. Each station measures the
altitude the rocket achieves. Both stations
calculate the altitude and divide by two.

Direct Measurement

Altitude = two trees,
28 concrete blocks,
or two windows

Here is a different methods for estimating
altitude that is appropriate for lower grade
students launching rockets that don’t travel very
high (e.g. straw rockets). Tracking students
simply stand back and compare the rocket
altitude to a building, tree, flagpole, etc.
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A rough estimate of rocket altitude can also be
made with a stopwatch. Time the total flight of
the rocket and divide the time by 2. This yields
the approximate time it took for the rocket to fall
from its highest point back to the ground. The
equation for falling bodies yields the altitude
estimate. This method won’t work if the rocket
has a recovery system such as streamers or
parachutes to slow its fall.

Sample Measurement:

Total flight time: 6.2 seconds
Falling time/2 = 3.1 seconds

h=1/2gt
h=1/2x 9.8 mx9.6 (the seconds
cancel out)
h=47.04m
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Here is a method for calculating altitude
graphically. Two tracking stations are placed
equidistant from the launcher. In this example,
the stations are each 12.5 meters from the
launcher. Both stations measure the angle. On
a piece of graph paper, a scale drawing of the
stations and the launch site is made. Using the
principle of similar triangles, the scale altitude of
the rocket is measured - 14 meters.

ion of gravity

pf the flight / 2

Provides a rough estimate of the altitude reached.

Air drag on the rocket is a significant source of error.

There is a considerably more advanced method
for altitude tracking that also involves two
tracking stations. The method not only requires
measuring the altitude angle of the rocket but
also its azimuth, or compass direction, from the
tracking site. These two measurements from
each station provide very accurate estimates

of altitude regardless of how much the rocket
drifts from the vertical. The problem with the
method is that it requires a tracking device
similar to a surveyor transit plus experienced
trackers to take the measurements. Rocket
hobbyists, especially those that participate in
high performance rocketry, use small recording
altimeters inside their rocket payload sections.
These rockets are easily capable of flights of
several thousand meters, and ground tracking
stations have a hard time providing consistent
and accurate data. Upon recovery, the
altimeters are read. For more information on
two-station tracking and altimeters, search the
Internet for “rocket altitude tracking.”
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