PROFILES

Professional Reflection-Oriented Focus on Inquiry-based Learning and Education through Science

PROFILES IBSE Teaching/Learning Materials for Students
Prepared by Ilia State University PROFILES team — Georgia

IM Traffic accident:
s Who is to blame?

Science module —

Physics —IX grade

Developed by: Holbrook (ICASE)

Adapted by: MarikaKapanadze, EkaSlovinski and the teachers participated in PROFILES(2013 - 2014)
Institution: Ilia State University, Georgia

Web-page: www.profiles-georgia.iliauni.edu.ge

E-mail: profiles.georgia@gmail.com

Abstract/description

Youare asked to determine who is at fault in an accident in which avan knocked down a boy on a pedestrian
crossing.
A brief description of the scenario:

A boy was crossing the road at a pedestrian crossing when he was hit by a van.

« This particular pedestrian crossing indicates when it is safe to cross the road by giving a ‘green man’ indicator
by means of a set of traffic lights.

* When the green man shows towards the pedestrian, a red light is shown towards the traffic.
+ The point of impact between the boy and the van on the pedestrian crossing was 4.6 m from the kerbside.
+ Another pedestrian who was behind the boy waiting to cross the road acted as a witness to the accident.

* The following comments were made to the police after the accident.
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Boy: | crossed the road immediately the 'green man' came on. I thought the van would stop, but it did not.

Driver of van:l was travelling at 40 km/h. The traffic light was green for me when the boy stepped off the kerb.
I slammed on the brakes immediately as hard as possible, but I still hit him - at no more than 10 km/h
Witness:1 was behind the boy waiting to cross the road. The boy walked across the road quickly as the 'green

man' came on.

Additional information:

e The witness was asked to walk 5 m several times at the same pace as the boy did when crossing the road.
His average time measured over the 5 m was 2.9 s.

»  From the boy's slight injury, the impact speed would be at most 10 km h-1.
»  Four skid marks were left by the van, the longest being 19.8 m
e The coefficient of tire/road friction was found by a skid test to be 0.76.

e The phasing of lights for traffic was that the yellow light lasted 3 s before the 'green man' and the red light
for traffic came on together.
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The working page belongs to:. . . . . . . oo e e e e

Traffic accident: who is to blame?

1. Calculations/discussion

1. Draw a reconstruction of the scene. Indicate on this:
- the pedestrian crossing,
- the point of impact,
- the distance the boy walked across the road,
- the approximate position where the skid marks began.

2. By using the available data, and your background in undertaking calculations using the laws of motion,
undertaking calculations to determine how long it took the boy to cross the road before he was hit by
the van.

3. Mark the outcomes from your calculations on your reconstruction diagram.

4. Put forward suggestions about how to determine how long it took the van to stop (advice: take
into consideration the laws of motion).

5. Determine how long it took the van from skidding to the collision with a boy, taking into
consideration that it slipped. It is important to know the reason of slimming. It depends on the
material skidding (the rubber of tire) and the material on which it was skidding (the road surface),
but the overall effect is that the van loses kinetic energy as work is done against the fiction. This
requires determining the relationship between change in kinetic energy and work done against
fiction.

6. Explain why the change of kinetic energy of the van is the same as the work done against friction
when the van is skidding.

7. Explain why the change of kinetic energy of the van is the same as the work done against friction
when the van is skidding.

8. Following instructional guidance from the teacher, determine the time of reaction.

9. According to 5 and 6 steps there is a need of determining the coefficient connected with friction.
Explain the coefficient. Suggest a way in which it is possible to determine the coefficient of
friction for different surfaces.

10. Following instructional guidance from the teacher, determine the coefficient of friction.

11. Use the above given description and note down the coefficient of friction between the tire types
and the road surface under normal conditions p=0.76, determine the time it took the van to stop.

12. If the van driver’s reaction time is 0.8 s, determine the position of the van when the lights went
red and the boy started to cross the road.

13. In a small group, discuss the findings from the calculations undertaken in steps 2, 7, 10, and 11.
Take into consideration the reliability of the data provided errors in measurement and determine
whether the van driver was liable for the accident. Justify your decision/conclusion and seek
consensus on the decision within the group. Be prepared to justify your assumptions
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2. Determinationof reaction time

Materials required:ruler, pen, and table

Main aim of the experiment: determination of reaction time

Procedure:

Carry out the experiment in pairs. One of the students drops a ruler. Another student catches it quickly.
Measure the distance between the zero line of a ruler to the point the student caught it.

Repeat the experiment 3-4 times measuring the average distance. Complete the table with the outcomes and
calculate the reaction time applying the formula t=(2d/g)"2

Table of recording data:

N I II 11 v
student student student student
Distance from the zero
1. line(m) 1
2
3
4

Average distance (m)

Reaction time (s)

Compare collected data, have a discussion about the differences.
ConCIUSION: . . . o e
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3. Determination ofthe coefficient of friction
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Apparatures required: wooden block, defferent surface materials (50cm x 10cm) (e.g. sandpaper, wood,

metal glass, leather), mass set, dynamometer.

Procedure:

Main aim of the experiment: applying formula F = p N to determine the coefficient of friction of wooden

block skidding on different surfaces.

Measure the force used to pull the block (without or with additional mass) on a horizontal surface to move

the block equally. This force is equal to the force of friction against wooden block. Measure the weight of

the block with the same dynamometer. The weight is equal to the normal force of the wooden block on a

horizontal surface. After measuring the force of friction in that way, calculate the coefficient of

frictionpi=F/N. Complete the table with the data you have received after the measurements.

A table for each surface:

Experiment'

Weight of a wooden |

block
(Kg)

Weight of the mass

(Kg)

N, (N)

F, (N)

Discuss the differences of coefficient of frictionfor the different surfaces.
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