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Francesca Sartogo – Liceo Scientifico “Augusto Righi”, Roma, Italy

Overview

The experiment is an updated version of the classical experiment on
the weight of a body in an accelerated frame (an elevator moving up-
ward/downward).
A common thought (misconception) is that the sensation of being heav-
ier/lighter in a moving elevator is often related to the direction of veloc-
ity: lighter when the elevator moves downward, heavier when the eleva-
tor moves upward. This experiment primarily investigates whether this is
true or not.
The study of the correlation between the readings on a scale’s display
and the acceleration of the elevator gives a deeper insight on the phe-
nomenon. This is possible thanks to the accelerometers our smartphones
are equipped with. The motion of the elevator can be studied in detail,
measuring also its velocity and obtaining its law of motion.

Materials & Requirements

1. A smartphone with PHYPHOX installed
2. A common kitchen scale
3. An apple, or something else to weight
4. An elevator

Performing the experiment

The simplest way to investigate if objects are really lighter/heavier in a moving elevator is, of
course, to weight them. The experiment is thus performed placing an object on a common kitchen
scale, inside an elevator. As in more famous experiments, an apple is perfectly fit for this purpose.
Observing the weight over a trip in the elevator should be enough to realise that the relevant
physical quantity is acceleration rather than velocity, since weight variations are observed when
the elevator starts or stops moving, but not in between, when it moves at approximately constant
velocity.

Even in this simplest version of this experiment, the smartphone can be used to record a video
of the scale display, which can help to read out the values since mass values usually vary rapidly.

For a deeper comprehension of what happens, you can use the “acceleration” tool of the PHY-
PHOX app. Place the smartphone on the elevator floor, and launch the acceleration tool before
the elevator begins to move. Visualise the values of the three components of the acceleration,
along the three axes x, y, z. When the elevator stops, save the data and take a screenshot of the
smartphone display or, better, export data as tables for further analysis. Then repeat the proce-
dure with the elevator moving the other way, so to collect values both when it moves upward and
downward.
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Finally, compare the values and the shape of the vertical acceleration as a function of time,
az(t), with the readings from the scale display.

Observe that knowing the function az(t) allows you to estimate the velocity of the elevator
during its motion, and also to calculate the distance travelled. This gives an alternative method
to measure the height of a building.

General remarks

Always try to estimate the uncertainties of each measurement properly. Can you spot any source
of systematic error? Can you estimate its size?

Before starting any series of measurements, make a few tests to train your ability to perform
the required operations seamlessly. Write up the measurements neatly and in a complete way
(indicating values, uncertainties and units). Use tables and graphs appropriately.
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For the instructor
(exp. id 20201217-1-v1)

1. Using PHYPHOX, there are actually two different possibilities: to collect data with the tool “Acceleration with”
or with “Acceleration without g”. This point deserves to be discussed with students. Usually “with g” is better:
the subtraction of the gravitational acceleration vector requires the usage of other sensors and may add some
systematic bias into the experiment.

2. If possible, we suggest to work in pairs, one person measuring the acceleration and the other making the video
recording of the scale display. If both measures are approximately synchronised, it is easier to associate weight
variations with acceleration values.

3. A simple way to treat the data is to log them using a spreadsheet. At university level, it would be more appro-
priate to save data in text files to be read by appropriate software to fit them to make informative plots.

4. A rough estimation of the velocity and of the length of the path travelled with the elevator can be done by
approximating az(t) as a succession of constant functions.

5. The best fit to data can be done in many ways, more or less complicated. It is up to the instructor to choose the
method appropriate to the class. Since acceleration can vary very rapidly, and the data files contain thousands of
entries, high school students could find easier to work on the screenshots to estimate the average acceleration
in each of the three regimes (initial acceleration – constant velocity – final deceleration). They could be allowed
to fit data by hand, or with the help of some software like, e.g., Geogebra.

This experiment has been tested successfully by high school students in Rome, during the 2020 lockdown period.

Objectives, Level of deployment, and Duration

1. Primary objective: Enjoyment and practice in empirical experiments.
2. Primary objective: Development of scientific investigating skills.
3. Suitable for: high school
4. Duration: less than one hour of data acquisition, + 2 hour of data plotting, + writing short

report.

Further Info Online

Please leave feedback, suggestions, comments, and report on your use of this resource, on the
channel that corresponds to this experiment on the Slack workspace “smartphysicslab.slack.com”.
Instructors should register on the platform using the form on smartphysicslab.org to obtain
login invitation to the Slack workspace, and/or to request being added to the mailing list of
smartphysicslab.
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