Measuring speed with the Doppler effect

In police investigations, officers often only know a
few details. For example, it can be that when police
need to determine how fast a vehicle was driving,
they only have an audio recording available to help
them. In such cases, they can use the Doppler effect
to determine vehicle speed. But: Can they evaluate .
a smartphone audio recording of ‘pass-by noise’ Photo:P. Bronner
directly with a smartphone app?

Tags

discipline: physics; the Doppler effect

target group: upper secondary school

age: 16 - 18

duration: 1 lesson (45min)

inquiry-based learning: systematic experimenting, interpreting and evaluating results,
communicating and presenting

world of work: The role of a police detective

Problem

When a vehicle with a beeping horn passes by a
stationary observer, the frequency of the horn’s
sound changes for the observer: This is an example
of the Doppler effect. Use your smartphone to help
you detect the speed of a passing car with a
beeping horn. Use e. g. the Android app: "Spaichin-
ger Schallpegelmesser" to help you.
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Expansion

The same phenomenon happens when the car with the beeping horn is stationary and the
observer drives past it.

Possible solution

In order to enact the two situations in the classroom, use the three videos from
http://mascil.ph-freiburg.de/aufgabensammlung/experimente-mit-dem-
smartphone/gruppe-1-experimente-mit-dem-schallsensor-mikrofon 6.Experiment.
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With the first video, the smartphone app "Spaichinger Schallpegelmesser" determines the
frequency of the first car horn beep before the car passes the observer (f1 = 517Hz) and the
horn beep after the car has passed by (f2 = 451 Hz). To calculate speed (velocity), the two
formulas for frequency determination with the Doppler effect must be converted.

Putting in the two frequencies in the derived formula for the first video results in a car speed
km
of v=81—.
h

The second video can be used to demonstrate that the horn frequency (f = 480Hz) is the
mean between the horn beep before and after passing by. There is a variance from the exact
mean because the observer cannot stand directly in front of the moving car. (Such an
experiment would most likely be deadly).

The third video can also be used to determine the car’s velocity. Although in this case, the
car is stationary and the observer is driving (different start formulas), the same formula as in
the case above is used to calculate speed. Because of the loud wind and the short beep

duration, it is not easy to measure the frequency. The result here is also a velocity of v =81
km/h.

Excerpt from a student solution
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