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Students’ Prior Conceptions

In this section, students will gain profi ciency in applying 
the analytical skills needed to measure and record data 
precisely; to gather information necessary to describe 
objects and events; to characterize relationships among 
variables; and to argue logically. Mathematics, the precise 
language of science, is used to study the patterns of 
motion in the physical world.

1.  Measurement is only linear. Through observations and 
careful data collection. students fi nd that measurement 
is not only linear; this becomes more evident as students 
work with driving along curves, changing directions, 
and examine projectiles and other objects traveling 

through air or space. Time is a quantity that always 
has a positive or linear measurement. As such, it often 
becomes the independent variable in motion graphs 
and is the horizontal or x-axis variable.

2.  Any quantity can be measured as accurately as you 
want. Students discover any quantity can be measured 
as accurately as the tools available and that they 
can only measure to the smallest unit shown on 
the measuring device. They discover that there is a 
difference between “precision” and the “accuracy” of 
measurement.

SECTION 1
Teaching 
Suggestions 
and Sample 
Answers
What Do You See? 

Elicit responses from your 
students on the What Do You 
See? illustration. You might want 
to ask them about their initial 
impression of what they see in 
the illustration, why the artist has 
chosen to depict an accident, and 
why it is signifi cant in the context 
of this section. You are likely to 
get many different responses. 
Accept all answers but try to 
focus on those that provide an 
opportunity for you to get the 
students engaged in the physics 
concepts they are about to learn.
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What Do You Think?

The What Do You Think? 
question is designed to give you a 
sense of how much your students 
know about a driver’s reaction 
time when responding to an 
emergency. It is designed to elicit 
a discussion on the alertness of 
a driver while trying to avoid a 
hazard on the road. You might 
want to prompt students on the 
effect of listening to loud music 
on reaction time, as well as 
talking while driving, or the effect 
of fatigue, alcohol, or drugs. 

What Do You Think?

The identifi cation of sensory 
information has the greatest 
impact on reaction time. The 
driver’s experience may also play 
an important part in determining 
reaction time. Experienced drivers 
are more likely to recognize and 
prepare for potential dangers before 
they become emergencies. The 
amount of time it takes to respond 
to an emergency depends on the 
alertness of the driver. An expert 
driver will recognize and respond to 
an emergency far more quickly than 
an inexperienced driver. 

The reaction time will also determine 
the distance it takes to stop an 
automobile. If an automobile is 
traveling at a high speed, the 
time it would take to respond to 
an emergency would be far more 
than an automobile traveling 
slowly because distance is directly 
proportional to the square of the 
speed. Reaction time also depends 
on the distractions at the time of 
an emergency.

A Physicist’s Response

3.  The only “natural” motion is for an object to be at 
rest. Recognizing that Earth and all objects on Earth 
are in motion relative to each other, and that objects 
only seem at rest relative to each other due to this 
shared relative motion, is fundamental to students’ 
understanding of what is considered to be a “natural 
motion”—an object at rest. Motion among these 
‘objects at rest’ must be described relative to an origin 
or starting point described within the framework of the 
relative motion of Earth. This “relative motion” is what 
students perceive as motion. Help students recognize 
and apply appropriate reference frames for describing 
the motions observed in everyday life. Establishing 
origins and the motions of objects relative to these 
origins enables the students to delve into the physics 
involved in driving along the roads. 

4.  Speed and velocity are the same concept. It is 
important for you to lay the groundwork for student 
understanding of vectors as students measure motions 
within the “moving” framework. Moving away from the 
origin is assigned one direction indicated by a positive 
value, whereas starting away from the origin and 
moving toward it is assigned a different direction, 
as indicated by a negative sign. 

5.  Objects fall at a constant speed. Only through careful 
measurements, made at many different distances in the 
fall of an object, can students see that the speed of objects 
increases in a regular manner with the time of fall. 

6.  The heavier the object, the faster it falls. This prior 
conception persists until students drop various objects 
that have similar shapes and volumes but different 
masses from the same height and compare their speeds 
at the same points along the falling trajectory.
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Investigate

1.a)

A reasonable estimate would be 
about half a second. Students 
usually grossly misjudge the 
amount of time it takes to move 
their foot from the gas to the 
brake pedal, because they are not 
pressing down on the gas pedal, 
and are not constrained by things 
such as the dashboard. Also, it 
takes approximately 0.12 s for the 
nerve impulse to travel from the 
brain to another part of the body.
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2.a) 

Students typically react to the clap 
in about 0.25 s if they know it is 
going to occur, and about 0.5 s if 
they do not. 

Method A: Starting and 
Stopping Stopwatches

You may choose to have all the 
groups do all three methods, or 
have each group only do one 
method and then repeat their 
results to the class. The students 
should then record the result of 
other groups in their logs.

1.a) 

Reaction times will probably be 
between 0.5 s and 0.8 s. 

1.b) 

Students calculate average 
reaction times. 

Method B: Catching a Ruler

1.a) 

Expect the distances to vary. 
If students are anticipating the 
release by closing their fi ngers 
periodically, and their fi ngers are 
close enough together, results 
may be as low as 2 cm. Suggest 
to students that they average a 
number of trials to obtain a more 
reasonable result. 

1.b)

Students calculate average 
reaction distances. 

1.c)

The students should trace the 
grid in the graph where the 
distance intersects the time on 
the curved line and read down to 
the horizontal axis to fi nd their 
reaction time.

Teaching Tip

For Method B to be an accurate 
measure of reaction time, the 
student who is dropping the 
ruler should avoid giving visual 
cues. This can be accomplished by 
talking to another person, looking 
away from the student being 
tested, and then releasing the 
ruler unexpectedly. An excellent 
drop distance would be around
12 cm of fall. 
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Comparing Methods of 
Measuring Reaction Time

1.a)

Reaction times that require 
movement of different body parts 
are expected to be different. 
Moving fi ngers to catch a falling 
ruler is much easier than moving 
an arm or a leg, which requires 
more force and more time.

1.b) 

Many students will think 
Method B is more accurate.

2.a)

Students should record the fastest, 
slowest, and average reaction time.

2.b)

Yes, reaction times will vary for 
different people of the same age. 
Some of the reasons are genetics, 
health, and physical conditions.

Reaction Time with 
Distractions

1.a) 

Expect the reaction times to 
be slower than previous trials. 
“Dropping the ruler” reaction 
times should vary from 0.11 s to 
0.30 s for some students.

1.b) 

Students should realize that 
because the reaction time while 
making a decision was greater 
they should follow at a distance 
allowing for greater reaction time.

2.a) 

Students should fi nd that 
simulating distractions will slow 
their reaction time. Point out 
to them that actually doing the 
distracting activities while driving 
would increase their reaction 
times even more. 

2.b)

Some possible distractions while 
driving might include talking 
to friends, playing the radio, 
changing a tape or CD, eating 
or drinking in the your vehicle, 
using a cell phone, looking for 
something dropped on the fl oor of 
your vehicle, and so on.
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Physics Talk

This Physics Talk discusses 
reaction time. It explains the 
observations in the Investigate 
and the effect of distractions on 
reaction time. You might want to 
point out to your students why 
taking their eyes off the road or 
“driving under the infl uence” 
increases the possibility of having 
an accident. Ask students about 
various factors that affect reaction 
time. Making a list of responses 
on the board would be a good 
way to emphasize how these 
factors might prevent the driver 
from responding quickly at the 
time of an emergency. 

As you discuss factors affecting 
reaction time, quiz students 
on their knowledge of driving 
laws in the United States. Use 
the opportunity to ask specifi c 
questions such as why alcohol 
and drugs are forbidden while 
driving. Discuss the dangers of 
using prescribed medication and 
the hazards of driving under the 
infl uence with subtle tact to make 
teenagers aware of how risky 
behavior on the roads is 
the leading cause of accidents 
in most countries.
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Checking Up

1.

Distractions slow down reaction 
time, which increases the chances 
of being involved in a collision.

2.

Driving under the infl uence of 
alcohol or drugs is illegal because 
an intoxicated driver’s reaction 
time is negatively affected, 
preventing him or her from being 
able to respond to the challenges 
of driving.

3.

Age, fatigue, and attentiveness are 
some of the factors that can affect 
reaction time.
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Active Physics Plus

Encourage students to read the 
Why is there an Active Physics 
Plus? Discuss how the “diamond 
notation” indicates the level of 
intensity. You could have a few 
student volunteers repeat their 
experiments to calculate the 
reaction time according to the 

equation d at= 1
2

2. Writing the 

equation on the board will serve to 
emphasize its importance.

1.a)

Time (s) Distance (cm)

0.00 0.00

0.01 0.05

0.02 0.20

0.03 0.44

0.04 0.78

0.05 1.23

0.06 1.76

1.b)

The graph the students generate 
should look like the one below. 
The axes should be labeled with 
the correct units, and the graph 
should have a title of fall distance 
vs. time.
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Fall Distance vs. Time

1.c)

The shape of the graph is 
the same as the graph in the 
investigation, but this graph 
concentrates on the lower values 
of time.

2.a)

Strategy: You know the distance 
of fall and the acceleration of 
gravity, so you may use the 
equation directly.

For the fall distance of 6.0 cm,

t d a

t

t

=

= ( )
=

2

2 0 060

0 11

2.

.

m 9.8 m/s

s

Using the same equation for the

7.5 cm fall gives

m 9.8

t d a

t

=

=

2

2 0 075. m/s

s.

2

0 12

( )
=t .

APTE_C1_S1-2.indd   36APTE_C1_S1-2.indd   36 7/30/09   12:43:04 PM7/30/09   12:43:04 PM



Active Physics
37

CH
A

PTER
 1

Section 1  Reaction Time: Responding to Road Hazards
CH

A
PTER

 1
2.d) 

Students will make the 
comparison between the two 
methods of catching the ruler. The 
index fi nger and middle fi nger 
should prove to be the slower 
time.

3.

The students should create a ruler 
by placing a piece of paper over 
a standard 30-cm ruler to cover 
the markings. They should then 
transpose the readings from the 
reaction-meter graph from Part B 
of the Investigate onto the paper. 
At the distances that correspond 
to the time of fall, times of 0.05 s, 
0.10 s, and 0.15 s should be laid 
out, along with some intermediate 
times. Note that the intermediate 
times will not be uniformly 
spaced between the readings of 
0.05 s, 0.10 s, etc., but should be 
determined by the graph.

4.

This will be the result of the 
students’ investigations with 
different groups and will vary 
depending upon which groups 
are chosen.

2.b) 

The answer the student obtains 
for these bullets will depend upon 
the response distances they record 
on the ruler.

 The reaction time with the • 
thumb and index fi nger will be 
signifi cantly shorter than when 
the students use their middle 
and index fi nger. 

 Using their non-dominant hand • 
will slow their response time 
even further.

 The index fi nger and middle • 
fi nger should prove to be 
the slowest time due to the 
musculature not being suited for 
a quick response in this manner.

2.c) 

The answer the student obtains 
for these bullets will depend upon 
the response distances they record 
on the ruler. They will fi nd that 
their non-dominant hand will 
respond more slowly.
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What Do You 
Think Now?

Have students revisit the What 
Do You See? illustration and the 
What Do You Think? question. 
Encourage them to think of the 
effect of distractions on reaction 
time. Discuss how distractions 
could affect their reaction time 
at the time of an emergency. 
Consider sharing A Physicist’s 
Response with the class to elicit 
their opinions. Ask them to return 
to their fi ndings in the Investigate 
and explain how the alertness 
of their reaction determined the 
outcome.

This is a time to clarify previous 
misconceptions that students 
might still have. You could cite 
an example of a person’s reaction 
time in response to a situation, 
and quiz students on whether 
the reaction was prompt or 
delayed. This will serve as a quick 
formative assessment to help you 
determine how confi dent students 
are in their understanding of 
reaction time.
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Physics Essential Questions

What does it mean?

Reaction time is a measure of how long it takes to 
respond to a stimulus.

How do you know?

Reaction time was measured by catching a ruler and 
using a graph. It was also measured by stopping a 
stopwatch after seeing someone else stop theirs. 
The reaction times of students in the class probably 
ranged from 0.1 s to 0.2 s.

Why do you believe?

Reaction time is actually a measure of time. To record 
the reaction time, you must observe somebody doing 
something like catching a ruler or stepping on the 
brakes of a vehicle.

Why should you care?

The slower your reaction time, the more chance 
that you will not have the time to respond to an 
emergency and being involved in an accident.
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Refl ecting on 
the Section and 
the Challenge

Students can begin to refl ect 
on how this section relates to 
their Chapter Challenge. They 
should be able to extend their 
understanding of reaction time 
to a situation they might want 
to develop that explains the 
signifi cance of being alert to 
potential dangers. Emphasize 
that they also need to build their 
presentation with illustrations 
that depict the effect of driving 
ability on reaction time, and how 
being a careful driver reduces the 
chances of being involved in 
an accident.
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Physics to Go

1. 

Students should test reaction times 
of family members and friends 
who are not class members.

2.

Students may fi nd that reaction 
times for much older and very 
young family members may 
be slower. On the other hand, 
parents and siblings may be more 

motivated to produce excellent 
reaction times and therefore, may 
be more alert than the students 
tested in class. 

3.a)

The length of the dollar bill is 
15.7 cm. The free-fall time is 
under 0.2 s, which makes it nearly 
impossible to catch the bill unless 
the hand is lowered or the release 
is anticipated. The grasping action 
with the thumb and forefi nger is 
a much more familiar one than 

between the forefi nger and middle 
fi nger. Refer the students to the 
graph in the Student Edition 
following the header Method B: 
Catching a Ruler.

3.b)

Although the fall time for the 
“dollar bill” is the same in both 
cases, catching the paper between 
the forefi nger and middle fi nger 
requires the movement of two 
fi ngers, while catching the paper 
between the thumb and middle 
fi nger moves only the index fi nger, 
hence, a quicker reaction time.

3.c)

The range of reaction times will 
depend upon physical limitations, 
age, etc. A range of reaction times 
that spans a factor of 2-3 would 
not be uncommon.

3.d)
After several trials, one might 
expect the reaction time to decrease 
as the body was trained to respond 
to the stimulus. Fatigue could start 
to set in, increasing reaction time.

4.

The speed at which the race car 
driver is traveling requires a very 
quick reaction time. Although 
students will investigate the 
relationship between distance 
and time in the next section, 
most will be able to answer this 
question from previous experience. 
Encourage students to become 
aware of the distractions that the 
average driver faces, as well as 
the potential dangers. Compare 
the focused, alert race car driver 
encountering oil on the track to a 
distracted student reacting to an 
obstacle in the road.
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2.  Red light-green light 
reaction timer

This assignment may interest 
students who are enrolled in a 
technology program and be a way 
of getting a special reaction timer 
for use next year. Alternatively, 
digital circuits for electronic 
timers can either be purchased 
or simply constructed on a 
breadboard circuit. Separate red 
and green lights may be purchased 
from electronics hobby suppliers 

5.

Alcohol, changing radio stations, 
or talking on the cell phone slow 
down reaction time.

6.

Some of the consequences drivers 
face when driving with a slower 
reaction time include increased 
chance of accidents as dangerous 
situations arise, greater tendency 
toward sudden stops, delayed 
response to changes such as 
drifting off the road, possible 
interaction with police and the 
courts, including fi nes, etc.

7.

Auto insurance is more expensive 
for teenage drivers than older 
drivers because teenage drivers are 
less experienced, likely to drive 
fast, be distracted, and might not 
take the necessary precautions to 
avoid hazardous situations. Older 
drivers are more experienced and 
careful while driving, taking care 
to avoid potentially dangerous 
situations.

8.

Preparing for the 
Chapter Challenge

Students will probably say that 
knowing their own reaction time 
would help them avoid accidents. 

Inquiring Further

1.  Reaction time of different 
groups of people

The students may choose to 
test the reaction times of other 
students on a school sports team, 
and possibly compare those times 
to the math team.

(LEDs would work) as well as the 
needed switches. Students with an 
interest in electronics should be 
able to construct the circuit for 
under $15 in parts.
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1-1a Blackline Master
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SECTION 1 QUIZ

1-1b Blackline Master

1.  A student is testing her reaction time by trying to keep a light bulb on for exactly 4 s by 
matching a stopwatch. When she turns the light bulb off, the stopwatch reads 4.13 s. 
What is her reaction time?

a) 3.87 s b) 0.26 s

c) 0.13 s d) 4.00 s

2.  Which of the following will have no effect on the reaction time of a person driving an 
automobile?

a) The age of the driver b)  Distractions in the environment

c)  The speed of the automobile d)  Talking on a cell phone while driving

3.  A race car driver is being tested for reaction time. In several practice trials, the driver’s 
reaction time was recorded as 0.18 s, 0.22 s and 0.17 s. What was the driver’s average 
reaction time?

a) 0.57 s b) 0.17 s

c) 0.19 s d) 0.22 s

4.  A student drops a ruler to test her reaction time, and catches it at the 19-cm mark. 
According to the graph below, her reaction time is closest to
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a) 0.1 s. b) 0.1 s.

c) 0.2 s.  d) 0.25 s.
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SECTION 1 QUIZ ANSWERS

1  c)  0.13 s. The student’s reaction time is the difference between when the stopwatch 
hits 4 s and the time it takes for her to respond by stopping the stopwatch. If she 
would have stopped the stopwatch in exactly 4 s, the answer would have been 
1.a). The other answers are not related to the reaction time.

2  c)  All the other answers are distractions, which will slow down a driver’s reaction 
time. The automobile’s speed does not affect how quickly a person can react, but 
will affect how far the automobile travels before the reaction starts to take effect.

3  b)  The average reaction time is calculated by adding the three reaction times and 
then dividing by three. The highest or lowest values are reaction times for one 
trial only, and may be either too high or too low for various reasons.

4  c)  According to the chart, the ruler will fall a distance of 19 cm in a time of almost 
0.2 s. This is not because 0.19 is closest to 0.2!

5   d)  The student who reacts in the least amount of time after the stopwatches are 
started has reacted the quickest.

5.  Two students are having a contest to see who has the quickest reaction time. A third 
student gives them both stopwatches that were started at the same time and tells them to 
stop them when he says stop. The student with the quickest reaction time will have the 
stopwatch with the 

a) nearest time in the chart for Question 4.

b) time nearest the school clock. 

c) highest time recorded.

d) lowest time recorded.

APTE_C1_S1-2.indd   45APTE_C1_S1-2.indd   45 7/30/09   12:43:08 PM7/30/09   12:43:08 PM


