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This contribution describes a set of students’ activities – video measurements of
stopping distances of a car from various initial speeds. Motivations for these activities
are students’ wrong notions of the dependency of the stopping distance of the car on
its initial speed and mainly the high share of young drivers in traffic accidents. These
activities can be carried out not only at physics lessons but also during special
exercises aimed at safety.

Video measurements
Video measurement or video analysis is a measurement in which we use a video
recording. We inspect the dependence of position, velocity or acceleration of the
chosen object on time in the recording. The result of the video analysis is usually a
plot of the dependence of mentioned kinematic quantities on time. We can either
realize video measurements with video recordings prepared in advance or we can
record our own videos during classes and then analyze them. Many of our colleagues
have dealt with video analysis; let us mention the works of Lepil [1] or Ješková and
Kireš [2]. We can find nice suggestions in Jílek [3], Demkanin provides instructions
for the work with the Coach program [4]. Directions for video measurements of the
free fall can be found also in [5] and [6]. The program called Tracker is popular
nowadays, relevant proposals can be found in Duľa [7].

Students’ notions of the vehicle stopping distance
Many students begin driving a car at a very young age. One of the very frequent
causes of young people’s serious road accidents is the high speed that does not
correspond to their driving skills and experience. Insurance companies have
information on the accident rate of young people and one of these companies stopped
taking out insurance with drivers younger than 24 years for this reason [8]. Our
experience shows that most students lack a good notion of the distances required for a
car to stop from different speeds. This fact has been evidenced by two short tests
concerning the students’ notions of the dependence of the stopping distance of a car on
its initial speed. We assigned the test to a group of 17–19 years old students. The
students were asked to fill out a table of stopping distances of a car from various initial
speeds. We asked for “net” stopping distances disregarding the reaction time of the
driver.
The task was assigned to 17 students at once. 9 of them gave considerably shorter
distances than they are in reality. The deviations were most distinct for high initial
speeds. The students thought that a car going 80 km/h could stop at the distance of 10
– 20 meters.
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The second test was very similar. We indicated to the students that the stopping
distance from 40 km/h is 8 meters. The students were assigned to fill in the remaining
stopping distances in the table.
Initial speed

Stopping distance

20 km/h

m

40 km/h

8m

60 km/h

m

80 km/h

m

100 km/h

m

50 km/h

m

Tab. 1: The students were assigned to complete the table.
The test was taken by the same 17 students. The results show that most of these
students have wrong notions of the stopping distance. They declared that it depends
linearly on the initial speed. 14 students provided answers of this type. Thirteen of
these gave distinctly shorter stopping distances from high initial speeds again.

Video analysis of car stopping distances
We use the Tracker program for a video analysis. The installation conditions and
instructions for the Tracker program as well as a detailed guide for stopping distance
measurements can be downloaded from the web of the conference “Šoltés days 2010”
[9]. Some parts of the manual and certain figures were taken to this text from there.
For our particular activity of measuring the dependence of the stopping distance of a
car on its initial speed, we use video recordings that were prepared as a part of the
diploma thesis of Andrej Karlubík [10]. The author of this thesis prepared his
recordings on a horizontal road on an airfield. Braking of a car from five different
initial speeds between 20 km/h and 100 km/h was recorded. Initial speeds were
measured (estimated) with the car’s speedometer (initial speeds measured from the
video recordings are somewhat lower). The driver did his best to start braking at the
same spot every time – the edge of the camera view was aimed at this spot. The width
of the camera view was set so that it covered the whole stopping distance of the car
from the highest initial speed.
We have five recordings available, each with a different initial speed of the car.
Students (in groups) are assigned to do a video measurement with each of the five
recordings and to display position-time graphs.
We use the length of the car, which is 4.5 meters, to calibrate distances for a video
analysis.
The students are assigned to calculate the total stopping distance of the car from the
position-time graph and its initial speed from the speed-time graph.
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Fig. 1 We evaluate the initial speed of the car from the speed-time dependence. The
initial speed of the car is approximately 14 m.s–1 in this case.

Fig. 2 We evaluate the stopping distance of the car from its position-time dependence
which is approximately 25 m in this case.
Students are assigned to complete a table of the dependence of the stopping distance
on the initial speed. There is the initial speed in m.s-1 in the first column, the initial
speed in regular traffic unit which is km.h-1 in the second column and students write
down the stopping distance in meters in the third column. They are assigned to draw a
graph of the dependence of the stopping distance on the initial speed of the car on the
basis of these values.
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Initial speed

Initial speed

Stopping distance

m.s–1

km.h–1

m

0

0

0

5

18

2.5

9.6

35

10

14

51

25

18

66

44

23

82

72

Tab. 2 Measured values of initial speeds and stopping distances of a car

Fig. 3 Graphical adaptation of measured results – dependence of the stopping distance
of a car on its initial speed
We should focus on the non-linear, quadratic, dependence of the stopping distance on
the initial speed in the discussion with students. This resulting quadratic dependence
could have been expected. It stems from the formula for kinetic energy. If we presume
a constant braking force, we can see that the dependence of the stopping distance on
the initial speed should be quadratic.
We should also point out the actual values of the car stopping distances at various
initial speeds. We should warn students that we have measured net stopping distances
disregarding the driver’s reaction time. We put the strongest emphasis on the
importance of observing safe speed limits. We can clearly see from the graph that
when we drive 60 km.h–1 on a road section with 40 km.h–1 speed limit then our (net)
stopping distance is more than two times longer than when we observe the speed limit.

Conclusion
The activity is proposed as a student experiment. Students who perform it are obliged
to find information in the text, they acquire and process data form measurements, and
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analyze data from graphs; a synthesis of data follows with an explanation of the
dependence of stopping distance on initial speed.
The activity can be realized not only during physics lessons but also as a part of a
course of man and nature protection. A similar activity could be realized with a
bicycle. We could measure the dependence of stopping speed of the bicycle on its
initial speed directly in the field.
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