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STATE OF NORTH CAROLINA

COUNTY OF WAKE

BRIAN CECCARELLI and LORI MILLETTE,
individually and as class
representatives,
Plaintiffs,
vVs. CASE NO. 10-CVvS-019930
TOWN OF CARY,

Defendant.

Deposition of ELIZABETH A. GEORGE,
Ph.D., Witness herein, called by the Plaintiffs
for direct examination pursuant to the Rules of
Civil Procedure, taken before me, Kathy S. Wysong,
a Notary Public in and for the State of Ohio, at
the offices of Mike Mobley Reporting, 334 South
Main Street, Dayton, Ohio, on Thursday, September

13, 2012, at 7:32 a.m.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

BY MR. STAM
BY MS. MART
BY MR. STAM
BY MS. MART
BY MR. STAM
(Thereupon,

EXAMINATIONS CONDUCTED

EXHIBITS MARKED

Plaintiffs' Exhibit 1,

affidavit of Elizabeth George, Ph.D.

and Plaintiffs' Exhibit 2,

curriculum vitae of Elizabeth

George,

Ph.

D., were marked for

purposes of identification.)..........

(Thereupon,

Plaintiffs' Exhibit 3,

graphs prepared by Brian Ceccarelli,

was marked for purposes of

identification.) cve e it ittt et eeennn

(Thereupon,

Plaintiffs' Exhibit 4,

Application of the ITE Change and

Clearance Interval Formulas in North

Carolina article, was marked for

purposes of identification.)..........
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(Thereupon, Plaintiffs' Exhibit 5, 66
Elizabeth George's notes, was marked

for purposes of identification.)......
(Thereupon, Plaintiffs' Exhibit 6, 108
Traffic Engineering Handbook, 6th

Edition, was marked for purposes of
identification.) c ettt it it ie e
(Thereupon, Plaintiffs' Exhibit 7, 112
Manual on Uniform Traffic Control

Devices for Streets and Highways,

2009 Edition, was marked for

purposes of identification.)..........
(Thereupon, Defendant's Exhibit A, 116
Elizabeth George's file material,

was marked for purposes of

identification.) vv e ittt it eeeeennn
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APPEARANCES:
On behalf of the Plaintiffs:
Stam & Danchi, PLLC
By: Paul Stam
Attorney at Law
510 West Williams Street
P.O. Box 1600
Apex, North Carolina 27502
On behalf of the Defendant:
Martineau King
By: Elizabeth A. Martineau
Attorney at Law
200 South College Street
Suite 1550
Charlotte, North Carolina 28202
ALSO PRESENT:
Richard Stevens, Videographer
* * *

THE VIDEOGRAPHER: We're on the
record.

(Thereupon, Plaintiffs' Exhibit 1,
affidavit of Elizabeth George, Ph.D. and
Plaintiffs' Exhibit 2, curriculum vitae of
Elizabeth George, Ph.D., were marked for purposes

of identification.)
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ELIZABETH A. GEORGE, Ph.D.
of lawful age, Witness herein, having been first
duly cautioned and sworn, as hereinafter
certified, was examined and said as follows:
DIRECT EXAMINATION
BY MR. STAM:

Q. My name is Paul Stam. I represent
Brian Ceccarelli and Lori Millette, the
plaintiffs in this case. I hand you what's
been premarked as Plaintiffs' Exhibit 1 and 2
for your deposition and ask if you have
prepared or seen those before?

A. Yes, I have.

0. And is this an affidavit you've
previously given in the case --

A. Yes.

0. -—- as Number 1, and Number 2, your
curriculum vitae?

A. Yes.

Q. All right. First, is your --
please state your name, and is your address
correctly stated on your curriculum vitae?

A. Yes. Elizabeth A. George, and
those are my current work and home addresses.

Q. And that's in Springfield, Ohio?
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A. Springfield, Ohio.

Q. Now, I understand there may be o
slight update on your curriculum -- CV?

A. Yes. Since last year the
university promoted me from assistant -- or

sorry, associate professor to professor.
Q. What university is that?
A. Wittenberg University.
Q. All right. And if you would

describe your training, education, and

ne

experience to become a professor at Wittenberg

University.
A. Okay.
0. First your education and trainin
A. I have a bachelor's degree in

physics from the University of Arizona.
Master's in medical physics from the Universi
of Colorado. And a Ph.D. in physics from the
University of Wisconsin. And I have
postdoctoral experience at the University of
Wisconsin. And I've taught physics at the
college level for nearly twenty years now.

Q. All right. How old are you?

A. I'm fifty-one.

Q. Do you -- what is your position

g.

ty

at
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the university?

A. I teach physics, and I'm also
department chair of the physics department at
Wittenberg.

Q. All right. What are your duties
as department chair?

A. I manage the personnel of the
department, which is four other faculty
members, and then administrative assistant. I
manage the budget for the department. I
schedule courses. I make sure equipment is
taken care of for the laboratories. There are
lots of other things.

0. What do you teach and how often do
you teach?

A. I teach -- I share a position with
my husband so I actually teach half time, which
is an average of three courses a year. I teach
all levels of physics from introductory physics
for science and engineering majors all the way
up through upper level physics courses.

0. All right. ©Let's first talk about
upper level physics. Do you have a particular
concentration in physics?

A. I am a nuclear physicist by
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training, an experimental nuclear physicist
and -- so at the upper level I tend to teach
laboratory courses and courses in nuclear
physics, particle physics. But I've also
taught courses on optics and electronics. And
I've taught upper level mechanics courses and
quantum mechanics courses.

Q. All right. When you talk about
mechanics courses, to what do you refer?

A. Mechanics is the branch of physics
that deals with motion and the causes of
motion.

Q. Okay. And nuclear physics, is
that particularly related to very tiny, small
particles?

A. Yes. Nuclear physics deals with

the fundamental particles that make up the

atom.
0. All right. How are the rules of
motion or -- do you call them rules of motion?
A. Laws of motion.
Q. Okay. How do they compare in

nuclear physics compared to the physics if I
wanted to move this table?

A. Well, in nuclear physics actually
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the laws of motion are very similar to the laws
of everyday objects. You only see a difference
when you're dealing with objects that are up
very close to the speed of light, and actually
in the atomic nucleus, the particles are not
moving close to the speed of light, generally.
There are a few exceptions.

Q. I'm not going to go through all
your publications, but have they typically been
on —-- there appears to be several dozen
publications; is that correct?

A. Yes.

Q. And what is the general subject
upon which you publish?

A. The general subject is nuclear
physics, is the forces and the causes of decay
in atomic nuclei.

Q. All right. The -- we're not going
to be requesting opinions on nuclear physics
today, but we are -- we will be requesting
opinions on kinematics or mechanics, the laws
of motion.

A. Uh-huh.

Q. So what 1s your experience in

teaching those subjects?
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A. I have taught the kinematics, the
laws of motion, mechanics in general, that's
the general discipline that covers the laws and
the causes of motion, is typically taught in
the first course that science and engineering
majors take at the college level, and I've
taught that course, I'd have to look back
exactly, but probably six or seven times to
different groups of students. And then because
the laws of motion are so fundamental, they
come up over and over again in following
courses soO nearly —-- pretty much every semester
I'm teaching a course that at least uses these
laws of motion.

0. You mentioned that you teach
engineering majors. Is physics a prerequisite
for the understanding of engineering?

A. Yes. Wittenberg doesn't --
doesn't give engineering degrees, but
Wittenberg has what's called a dual degree
program where students attend Wittenberg for
three years and then go to an engineering
school for two years, and those students are
required to take a year of physics, and that

includes the introductory course in which

10
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mechanics is taught.

Q. And why would engineering students
be required to take a course in physics?

A. Because engineers -- since
engineering is based on the way nature works
and the laws and the models for how nature
works, they need to understand those at a basic
level in order to apply them in the real world.

MS. MARTINEAU: Objection. Move to
strike.
BY MR. STAM:

Q. Is engineering the application of
physics and other sciences?

A. Yes.

MS. MARTINEAU: Objection again.
BY MR. STAM:

0. And just --

MS. MARTINEAU: Lack of foundation.
I'm sorry.
BY MR. STAM:

Q. -- for your understanding,
objections will be considered later by a
judge --

A. Uh-huh.

Q. -— who will decide whether or not

11
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you're qualified to explain the relationship,
in this case, for example, between physics and
engineering.

Is it possible to have a correct
engineering solution that actually violates the
laws of motion in the universe?

MS. MARTINEAU: Objection. Lack of
foundation.

THE WITNESS: Correct, no, because it
would not apply to the real world. It wouldn't
work in the real world.

BY MR. STAM:

Q. Okay. Now, you're familiar
through your affidavit, which is Deposition
Exhibit 1, with what this case is about
generally; and my question is not your
affidavit yet but just on the subject. This
calls for a certain amount of knowledge of
physics or math and mathematics; and the
question is, at what level would the laws of
physics necessary to understand your
affidavit -- your affidavit be taught? 1Is that
a postgraduate -- postdoctoral course, graduate
course, college course, freshman high school,

or what?
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A. The laws of motion that are
required to understand the affidavit are taught
in the very first college course that typically
science and engineering majors take. It's also
often taught in high schools.

Q. Okay. And is this branch -- is it
usually referred to as mechanics or kinematics?

A. Mechanics is the general term for
the area of physics that deals with the causes
in nature of motion. Kinematics 1is
specifically describing motion without worrying
about what the cause of the motion is. If you
include the cause of the motion, then that's
called dynamics.

Q. Okay. Addressing your affidavit,
which is Plaintiffs' Deposition Exhibit 1, do
you recall signing that and swearing to that
December 5th, 201172

A. Yes.

Q. And we're going to have an
opportunity for you to explain it in greater
detail, but has anything changed in your
opinion with regard to this affidavit?

A. No.

Q. All right. Would you -- do you

13
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have an opinion -- do you know what a dilemma

zone 1is?

A. Yes.
Q. Okay.
A. Yeah.
Q. All right. Do you have an opinion

satisfactory to yourself based on your
training, education, and experience concerning
whether a vehicle traveling at a given speed
requires a certain distance to stop safely?

A. Yes.

Q. All right. And what is that
opinion?

A. Sorry. Are you asking specific --
in a specific case or for the general --

0. Thank you. Good clarification.
If you would discuss that in general first --

A. Okay.

Q. -- and then if you would opine on
that subject specifically as it relates to the
two intersections that you have examined or --
examined the facts concerning in Cary, North
Carolina.

A. Okay.

Q. But if you would explain in
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general how you arrived at your conclusions.

A. Okay. This is easier if I explain
a little bit about the laws of motion, and so I
will probably need to write a few equations if

that's all right.

Q. As long as you explain --
A. Right.
Q. -— the equations and what the Ps

and Qs mean.
A. Yes. So —-—
MS. MARTINEAU: Are we talking, just

for clarification, general first? 1Is this your

general --
THE WITNESS: General first.
MS. MARTINEAU: Okay.
THE WITNESS: General first, right.
MS. MARTINEAU: And then before you
go into -- after she's done with the general, will

you ask her what your specific question is?

MR. STAM: Yes, I will.

MS. MARTINEAU: Thank you. Go ahead.

THE WITNESS: Okay. So to determine
the distance that a vehicle needs in order to stop
safely, that's based on concepts of velocity and

acceleration.

15
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And velocity is defined as
distance -- distance over time or -- the technical
physics term is displacement over time.

And the acceleration -- the average
acceleration is equal to the change in velocity
over time. So change in velocity over time.

BY MR. STAM:
Q. Now, could you say what those

different letters mean —--

A. Yes.

0. -—- in case --

A. Yeah.

0. —-— counsel are not familiar -- in

case I'm not familiar with what they mean?

A. Okay. So we represent velocity
with a V and displacement is X and T is time.
And then when I write acceleration, A, that's
always an average acceleration. And then this
means change in velocity over time.

If we're talking about
deceleration, which we are going to be braking
to a stop, then we can write that deceleration
as the velocity that the object starts with, V
not or V zero, minus the velocity the object

ends up with divided by time. So that's the

16
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change in velocity over time. And it depends
on the starting velocity and the initial
velocity of the object and the time it takes to
go from the initial to the final velocity.

So if we combine those equations
and do a little bit of algebra, which I assume
I can skip, we come up with an equation that
relates the object's initial and final
velocities to the acceleration and the distance
it travels. So the square of the initial
velocity minus the square of the final velocity
is equal to two times the object's acceleration
times the distance it travels while it's
decelerating from its initial velocity to its
final velocity.

And so if a car is going to stop,
say, then the final velocity is zero and so
there's a relationship between the initial
speed of the object just before it starts
decelerating and the rate of deceleration and
the distance it travels. And so --

Q. So a vehicle that's decelerating
cannot —-- you cannot assume it will be going at
its original speed the entire time-?

A. That's right. Right. If the

17
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vehicle decelerates to a stop, then over the
time it's decelerating it actually averages the
mean. The average is the -- is half of the
initial velocity actually.

0. Okay.

A. So if the car starts out with a
certain speed, say, and we know what that is,
then the distance that it travels before coming
to a stop depends on the square of the initial
velocity divided by twice whatever the

acceleration i1is or the deceleration in this

case.
0. Is that 2a at the bottom?
A. That's a 2a at the bottom.
Q. Okay. All right. Now, are there

other factors, perception time --

A. Yes.

0. -- slope of the --

A. Right. So --

Q. How do other factors enter into
the equation?

A. So this assumes that -- this is
only the distance that's traveled while the car
is braking, and this is assuming that there's

no —-- that the road is flat and so the only

18
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deceleration of the car comes from the braking.
If the object -- the car -- if it
takes some amount of time for the car to begin
to slow down, in other words, if it takes some
amount of time for the driver to perceive that
a light has changed and move the foot from,
say, the accelerator to the brake, then the car
will be traveling at that initial speed for
some amount of time and so the distance that's
traveled is going to be greater. So there will
be the distance that's traveled while braking

which is this V not squared over 2a term and --

Q. When you say V not, is not like
zero?

A. Zero. Yeah. Sorry. That's the
initial -- that's the speed that the object is

traveling when it begins to decelerate --

0. Okay.

A. -— V not or V zero.

Q. Divided by twice the rate of
accel --

A. Acceleration, right.

Q. Right.

A. And that just comes from the

definitions of velocity and acceleration.

19
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Q. And is that true throughout the
universe?
A. Yeah. As long as you have an

object that's not moving near the speed of
light --

Q. All right.

A. -—- yes.

Q. Has anybody found anyplace on
earth where that is not true-?

A. No, not as far as I know. The
only —-- the only assumption that goes into this
is that the car is decelerating at a constant
rate.

0. Okay. And, of course, the
perception time?

A. And so -- yeah. Then --

0. What do those letters mean that
you have? T, what is T?

A. So T sub P is the perception time.
That's the time it takes the driver of the car
to actually begin to brake, and so at that --
during that time the car is not slowing down,
the car is still traveling at its initial speed
V not.

And so if you go back to the

20



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

definition of velocity and displacement or
distance, then the distance that's traveled
before the car starts to brake is that
perception time T P times that initial velocity
V not.

Q. Okay. Now, in this case the
Institute of Traffic Engineers, they have a
constant for a perception time?

A. Uh-huh.

Q. Are you aware of that?

A. Yeah. 1Is it one point five
seconds, I think? 1I've seen several numbers.

Q. One point five at one place and
one point two I've seen.

A. Okay.

Q. Is your opinion contrary to theirs
on what the amount of perception time should
be?

A. It seems like a reasonable number
to me.

Q. All right. And you mentioned
slope as well. Now, in this particular case I
don't think there's issues of slope; but if you
would just explain for the Court how slope

would enter into this just so we have a

21
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complete record because at other intersections

it might --
A. Sure.
0. -- affect things.
A. Right. So if a car, say, is on a

slope like that, then --

Q. Now, that's a downward slope?
A. That's a downward slope.

0. Okay.

A. Right. Then say the car is

traveling down the slope, the car's brakes can
provide a certain acceleration but the slope is
also going to provide an acceleration. If the
car is going down a downward slope, then the
slope itself, because of the gravitational --
part of the gravitational pull that's down the
grade is going to make the total acceleration
of the car a little bit smaller than it would
be if there were no slope.

If the car is traveling up a
slope, then the braking action and the pull of
gravity are going to be at least partly in the
same direction and so the total acceleration of
the car will be a little bit greater than the

value that would be on a flat surface.

22
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Q. You can stop quicker --

A. You can stop quicker --

Q. -- if you're going uphill --

A. -—- if you're going uphill because
gravity is helping. And you take -- it's a

longer distance to stop downhill because
gravity is fighting the brakes.
0. And is there a formula -- a

physics formula to address that?

A. Yes, there is.
Q. If you would just tell us what
that is or put it -- Jjust write it right across

the face of that slope, if you would.

A. Yeah. Let's see. So the way a
physicist would write it is to say that the --
what -- this is maybe a little hard to see, but
the acceleration that you'd have to use in this
formula is the total acceleration, and that
would be the acceleration you get from your
brakes or deceleration you get from your
brakes.

In the case of a downhill slope,
you would add little G, which is the
gravitational acceleration, it's nine point

eight meters per second squared, which I guess

23



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

is thirty-two feet per second squared, times
the sign of the angle of the slope, which is
the angle from the horizontal.

0. Okay.

A. And if you were -- if you were on
an uphill slope, you would have to subtract G

sign beta from the acceleration.

0. Now, the --

A. Oops, I'm sorry. I said that
backwards.

Q. Let's say it forward then.

A. Yes, let's say it forward. This

equation here with the plus sign refers to the
uphill slope where the acceleration from the
braking and -- this is what I get for trying to
do this upside down -- the acceleration from
the braking and the acceleration provided by
gravity are both in the same direction. So
this equation that I wrote here actually works
for the uphill slope. And for the downhill
slope it would be the same equation except this
plus sign would be a minus sign.

Q. Okay. In this case you're talking
about deceleration?

A. Deceleration, right. Yeah.

24
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0. Now, the assumed rate of
acceleration is -- you've seen in the
documents --

A. Uh-huh.

Q. —-— or have you --

A. Yes.

Q. -- what rate of acceleration they
assumed?

A. Yeah, I think the number is, what,

eleven point two feet per second squared, I'm
not -- yeah, and that's about a third of the

gravitational acceleration, more or less.

0. And i1s that a reasonable
assumption?
A. I don't know a -- yeah, it seems

reasonable to me based on everything I've read

and just my own sensation of braking in a car.
0. Well, that would depend -- in

other words, your opinions are not based upon

challenging their assumed rates of --

A. That's right.
0. -— acceleration or deceleration?
A. Yes. That's right.

Q. All right. All right. Referring

you to paragraph seven of your affidavit, if

25
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you Jjust want to scan that a moment -- and,
again, this is not specific to the case yet,
but would you describe what is referred here as
a type one dilemma zone?

A. Okay.

MS. MARTINEAU: I'm sorry, just for
the record, I'm objecting to the admissibility of
this testimony.

MR. STAM: Okay.

MS. MARTINEAU: Move to strike.

MR. STAM: And is that on paragraph
seven?

MS. MARTINEAU: Yes.

MR. STAM: Okay.

BY MR. STAM:
Q. If you would basically explain
paragraph seven of your affidavit.
A. Okay.
MS. MARTINEAU: Same objection.

MR. STAM: Continuing objection is

fine.

MS. MARTINEAU: Thank you.

THE WITNESS: All right. So we -- so
this goes back to the -- to the equation for

stopping distance, which includes a braking

26
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distance and a distance traveled during reaction
or perception.

With the assumption of the perception
time and the safe acceleration that we've just
talked about, you can then plug numbers into this
formula depending on the initial speed of the car,
that's the only other thing you need to know, and
then this tells you the distance that the car will
travel in stopping with those assumptions.

And if -- if the car is closer to the
intersection than this distance, it can't stop
safely if we assume, again, you know, the standard
perception time and the standard acceleration.

BY MR. STAM:

0. In both cases involved in this
lawsuit the speed limit was forty-five miles
per hour.

A. Right.

Q. So assuming that the plaintiffs
were traveling at or around forty-five miles
per hour, how would the math work out using
those equations with respect to a type one
dilemma zone?

MS. MARTINEAU: Same objection.

THE WITNESS: Okay. So what -- what
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you can do is plug in numbers. So forty-five
miles an hour I think is sixty-six feet per
second, if I remember correctly, and if you plug
in those numbers, you find -- can I pull numbers
off of here?

BY MR. STAM:

Q. Sure.

A. Okay -- that this safe stopping
distance comes out to be two hundred and
ninety-three feet.

So a car that is farther than two
hundred and ninety-three feet from the
intersection has enough distance to stop safely
with the assumptions about acceleration and
perception time.

A car that's closer than that will
travel into the intersection -- if that car
tries to stop, it will travel into the
intersection again with those assumptions about
perception time and acceleration just because
the laws of physics say that it must travel
that distance before it comes to a stop.

Q. All right. Why is this called a
dilemma zone?

A. The --

28
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MS. MARTINEAU: Same objection.
Sorry.

THE WITNESS: So if a car is closer
than that distance, two hundred and ninety-three
feet, then it can't stop safely before it gets to
the intersection.

If the driver chooses to travel
through the intersection, there needs to be enough
yellow time -- time on the yellow light in order
for the driver to physically cover that distance
between the point where the driver sees the light
turn and the intersection.

And if we go back --

BY MR. STAM:

Q. Now, when you say they can't do
it, now, there's an assumed rate of
deceleration?

A. That's right.

0. I would assume if a person -- I'm
going to assume that if a person jammed on his
or her brakes very hard differently than the
assumed safe rate of deceleration, that that
could vary?

A. Yes, that's right. If the

acceleration is greater, then the stopping
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distance will be shorter.

Q. Or conversely, if the person is
closer and jams on the accelerator and goes a
hundred miles an hour --

A. Sure.

Q. -— they may be able to zip out the
other end?

A. Yes. That's right. That's right.

Q. All right. So your assumption is
not based on jamming on the brakes --

A. That's right.

Q. -— or accelerating beyond the
speed limit?

A. That's right. I'm assuming in
this dilemma zone that a car is already
traveling the speed limit and, therefore, it
can't legally speed up. And I'm assuming that
jamming on the brakes -- the car isn't going to
jam on the brakes either. I'm assuming this
safe accel -- deceleration rate.

Q. And the safe deceleration rate was
not chosen by you?

A. That's right. I'm using the
assumptions in the traffic engineering

literature.
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0. All right. Going now to a
particular -- number nine, and giving you the
assumption that the speed limit is forty-five
miles per hour and that the yellow light --
amber light interval was four point oh seconds,
do you have an opinion satisfactory to yourself
whether or not a dilemma zone was created and
the effect of that dilemma zone on a driver who
is at certain distances away from the light
when the amber light comes on?

MS. MARTINEAU: Objection to the --
objection to the question --

MR. STAM: Okay.

MS. MARTINEAU: -- regarding her
ability to testify on issues of engineering,
including dilemma zone.

MR. STAM: Got it.

BY MR. STAM:

0. The question, remember, first, was
do you have an opinion?

A. Yes, I do have an opinion.

Q. All right. What is that opinion
and then please explain it?

A. Okay. My opinion is for these

numbers and the standard assumptions about
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perception time and deceleration is that the
law of motion that we've talked about
pertaining to stopping says that a car has to
be farther -- at least two hundred and
ninety-three feet from that intersection in
order to stop safely traveling at forty-five
miles an hour.

But in the four seconds that the
light is yellow, again, the laws of motion say
that unless a car speeds up and exceeds the
speed limit in that four seconds, the car can
only travel two hundred and sixty-four feet.

And so unless -- unless -- if
you're already traveling at the speed limit and
you're between two hundred and sixty-four and
two hundred and ninety-three feet from the
intersection, you don't have enough time,
without speeding up, to get to the intersection
before the light turns red but the stopping
distance is not sufficient to stop with the
standard values of perception time and safe
deceleration.

And so that -- you know, the
terminology dilemma zone simply means that the

laws of physics don't permit you to clear the
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intersection -- or get to the intersection at
the speed limit, but they also don't permit you
to stop with the assumed values of perception

time and deceleration.

MS. MARTINEAU: Same objection. Move

to strike.
BY MR. STAM:

0. In other words, you can't -- for a
certain number of people for whom a light

changes between those distances --

A. Right.

Q. -- that far away from a yellow
light --

A. Right.

0. -- that person cannot

simultaneously act lawfully and safely?
MS. MARTINEAU: Objection. Leading.
Move to strike.

BY MR. STAM:

Q. Is that your opinion?
A. That's my opinion.
Q. Okay.

MS. MARTINEAU: Same objection.
BY MR. STAM:

Q. A second type of intersection
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involved in this case involving Miss Lori
Millette involves a left turn where the yellow
light interval was three seconds but the speed
limit was forty-five miles per hour.

Before opining on that particular
situation, what -- what are the differences
where there's a left turn signal as opposed to

a straight-through signal from your knowledge

of physics -- of the physics of motion,
kinematics --

A. Right.

0. -—- mechanics, whatever?

A. Right. When -- when an object is

turning, there's generally a safe speed at
which it can turn because the friction between
the tires and the road has to provide enough

centripetal force to allow the car to make a

turn.

Q. Explain your terms.

A. Okay. If an -- so this is a
different -- this -- acceleration and

deceleration relates not just to changes in
speed but also changes in direction; and so for
a car to change its direction, there needs to

be a force on it. And if a car is turning in a
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circle or a part of a circle, there needs to be
a force on the object pointing toward the
center of the circle in which its turning.

And in the case of a car driving
on the road, that force is provided between --
by friction between the tires and the road.
And the amount of force that needs to be
provided depends on how fast the car is going.

0. Now, that's a new concept to me,
the tire can provide force. Could you just
explain that --

A. Sure.

0. -— back up a little bit and
explain how that is so.

A. Uh-huh. So the force we're
talking about is the force of friction between
the tire and the road. And if you think about
the tires -- so here's the car making the turn,
and I'm assuming the car is going this way. If
you tried to push a car sideways, there would
be resistance to that and that would be
friction, static -- what we call static
friction between the tires and the road. 1If
there were no friction between the tires and

the road, the car -- the car couldn't turn.

35



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Even if you turned the steering wheel, the car
would just continue in the direction it was
originally going.

The force that --

0. So, for example, if it's ice --
A. If it's ice, right, you can --

0. -— there's no friction so —--

A. —-— there's no friction so there's

no force that --

0. Okay.

A. -— permits the car to turn.

There are standard values for how
much this friction can be. It depends on the
tire condition, the road condition. And so
that sets a limit to how fast the car can go
around the curve.

And so generally you have to be
going slower to go around -- to make a turn
than you would to cover the same distance in a
straight line.

Q. Now, you've seen, have you not, in
some of the documents that engineers should
assume twenty to thirty miles per hour --

A. Uh-huh.

Q. -- for people making that turn-?
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A. Uh-huh.

Q. Does that sound reasonable to you?

A. Yeah. It depends so much on how
sharp the turn is and the road conditions --

0. Well, assume a ninety --

A. -—- but, I mean, this is based on
personal experience driving a car, it seems
like a reasonable number.

MS. MARTINEAU: Objection to that
question and move to strike as far as
admissibility, relevance -- and relevancy.

BY MR. STAM:

0. As a consequence of that
additional factor that you're turning, does
that mean a car traveling at forty-five miles
per hour as the approach speed when the light
goes on needs more time or less time in order
to safely and lawfully either stop or safely

and lawfully proceed through the intersection?

MS. MARTINEAU: Objection to the form

of the question.

THE WITNESS: A car —-- so a car
traveling at a given speed, we had the equation
for the car to stop, that's the same. The

distance to stop is the same.
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What's different, if a car slows
down, then the time it takes to travel a given
distance is longer. And so if you had two cars
side by side, one going forty-five miles an hour
that kept going forty-five miles an hour and one
going forty-five miles an hour that slowed down to
thirty miles an hour, the time it would take them
to travel the same distance would be different
because the average speed of the car that slows
down is lower, which means --

BY MR. STAM:

Q. So —-

A. —-— that the -- for the same
distance the time is greater.

0. So if the two vehicles, one —--
let's suppose one is planning to go straight
through the intersection and one is planning to
do a left turn presumably in a left turn lane,
they have a forty-five mile per hour speed
limit, if each wvehicle plans to stop, then the
stopping distance is the same --

A. Yes.

Q. -— 1s that correct? But if each
vehicle is close enough that it has to proceed

through, then what is the difference in the
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equation that leads you to your conclusion that
you previously expressed that for turning it
needs more time, not less?

A. Okay. So the relationship between
velocity and distance traveled and time is
still the same, but this velocity is the
average velocity of the object.

So if the car traveling, say, at
forty-five miles an hour continues traveling at
forty-five miles an hour, then this is
forty-five miles an hour.

If a car to turn needs to slow
down, then this average velocity is going to be
smaller. It's going to be -- if the car is
braking -- braking at a constant rate to reach
thirty miles an hour, then this speed would
actually be the average of forty-five miles an
hour and thirty miles an hour. That's smaller,
and so in the same amount of time that car is
going to travel a smaller distance which may
mean that it doesn't -- it certainly is not
going to go as far as the car that continues
traveling at forty-five miles an hour. It will
travel some smaller distance. Whether or not

that's enough to, say, get through the
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intersection depends on the specific case.

Q. Okay. So if -- if it appears from
the facts that the town of Cary and/or the
North Carolina Department of Transportation
allows four point five seconds yellow light for
straight-through movement but three point oh
seconds or in one case three point two seconds
for a left turn movement, what would be your
opinion about that?

MS. MARTINEAU: Objection to the form
of that question. Lack of foundation.

THE WITNESS: That depends on the
intersection and the conditions.

I can say from the laws of physics
that if -- if cars are coming up -- are traveling
at forty-five miles an hour in the left turn lane
when the light turns yellow, then that's -- that
three seconds doesn't provide enough time for all
the cars that need to travel through the
intersection to do so in that three seconds if
they need to slow down in order to turn.

BY MR. STAM:

Q. And if they have -- if they're so

close that they don't have the option of

stopping, does this create a similar dilemma
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zone as you described as the type one dilemma

zone —-—

MS. MARTINEAU: Objection to the form

of the question. Also --
BY MR. STAM:

0. -- for a left —--

MR. STAM: 1I'll rephrase it.
MS. MARTINEAU: Go ahead.
BY MR. STAM:

Q. Does this create a dilemma zone
for vehicles that are too close to safely stop
in a left turn situation where the speed limit
was forty-five miles per hour, the yellow light
is three point oh seconds?

A. Yeah.

MS. MARTINEAU: Hold on a second.
I'm just going to object. Objection to that
question -- to the form of the question.
Objection to the relevancy of the question. And
objection to the ability of the -- or to the
qualifications of the witness to provide
meaningful testimony in answering the gquestion.

Go ahead.

THE WITNESS: Okay. My calculations

using these equations that I've just described
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show that there's a distance from an intersection
where the yellow light time is three seconds and
the speed limit is forty-five miles an hour, that
a car traveling forty-five miles an hour that
needs to slow down in order to make a turn doesn't
have the stopping distance to stop safely and does
not have the time, again, according to the
relationship between velocity, time, and distance,
to travel through the intersection in that three
seconds.

BY MR. STAM:

Q. Is that also a type one dilemma
zone or 1s that a type two dilemma zone?

A. That's a type one --

Q. All right.

A. -— because there's a region where
neither one of these equations has a solution
under those assumptions.

Q. All right. If you would go to
paragraph eleven of your affidavit and just
briefly take a look at that.

A. Uh-huh.

Q. Is that the calculations that you
made for that dilemma zone where there's a left

turn and three seconds?
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A. Yes.

MS. MARTINEAU: Objection to her
testifying as to dilemma zone. Move to strike.
BY MR. STAM:

Q. All right. If you would now,

after having taken a look at that, give us the

actual -- I assume you calculated these --
A. Yes.
0. -- at a previous time?
A. I did.
Q. All right. What are -- explain

paragraph eleven.
A. Okay.

MS. MARTINEAU: Same objection.

THE WITNESS: So to calculate the
stopping distance, this goes back to the equation
that depends on the initial speed, the
acceleration, and the perception time, and if we
assume that a car traveling -- is traveling
forty-five miles an hour and -- again, the
standard assumed values for perception time and
deceleration and we plug in -- plug those numbers

into this equation, the stopping distance is --

comes out to be two hundred and ninety-three feet.

And, again, with those wvalues for
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acceleration and initial speed and perception
time, there's no way that an object can travel
less than that distance in coming to a stop.

So any car that is closer than two
hundred and ninety-three feet, with those
assumptions, can't stop before reaching the
intersection.

BY MR. STAM:

Q. Now, you mean can't stop safely
and legally?

A. Yes.

MS. MARTINEAU: Objection to legally.
Move to strike.

THE WITNESS: It can't -- again, I'm
assuming that the standard values for perception
time and acceleration are -- are what constitutes
safe. And under those assumptions two hundred and
ninety-three feet is the minimum distance that a
car traveling at that speed limit needs to stop.

But that same car, even if it
continues traveling at the speed limit, which is
the maximum legal speed it can travel, in three
seconds it can only —-- that car can only travel a
hundred and ninety-eight feet.

So if a car is between --
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BY MR. STAM:

0. Now, is that -- just to be clear,
is that pulling out the perception time or not,
backing out the perception time?

A. The three -- perception time
doesn't matter for a car that's going to travel

straight through because we assume that the

car --

Q. Okay.

A. -—- continues to travel --

0. I understand.

A. -- at the speed that it initially
was.

Q. Okay.

A. So -- so, yeah. And so this

doesn't allow for a moment of indecision where
the driver starts to slow down. We assume that
that driver is just going straight through at
the speed limit. That's the best the driver
can do and that -- that allows the driver to
travel a hundred and ninety-eight feet.

There's no way to travel more than that unless
the driver speeds up, but we're already
assuming that the driver is at the speed limit.

So any car between a hundred and
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ninety-eight feet and two hundred and
ninety-three feet, according to these
calculations, doesn't have enough time to go
straight through at the speed limit; but,
again, assuming the values of perception time
and acceleration, doesn't have the distance in
order to stop.

Q. Now, the first example that you
discussed involving straight through with a
four point oh second versus four point five
second --

A. Right.

0. -— four point oh second, that
dilemma zone appeared to be only twenty-nine
feet?

A. Yes.

MS. MARTINEAU: Objection. Leading.

Move to strike.
BY MR. STAM:

0. Is that correct?

A. The -- if the yellow light time is
four seconds, then the car can travel farther
during that four seconds; and so, yeah, my
calculation showed that there's a twenty-nine

foot region where the driver can't stop safely
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but still can't travel straight through in that
time.

Q. All right. 1In contrast with
respect to left turn lanes where the speed
limit is forty-five and the yellow light
duration is three point oh seconds, what is the
length of the dilemma zone-?

A. So if the yellow light time 1is
three seconds and the car can only travel a
hundred and ninety-eight feet in that time,
then the zone in which the car can't stop
safely and can't also travel straight through,
assuming at the speed limit, is -- that looks
like ninety-five feet.

Q. Ninety-five feet. Okay. Well,
what if the driver begins the approach below
the speed limit, say at thirty miles an hour,
knowing that he or she, in this case she, Miss
Lori Millette, is going to be turning and might
need to get down to thirty miles per hour, 1is
there still a problem?

MS. MARTINEAU: Objection.
BY MR. STAM:
Q. And if so, what is your opinion on

that problem?
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MS. MARTINEAU: Objection. Assumes
facts not in evidence. Move to strike.

THE WITNESS: If a -- so all of the
previous discussion was for a car traveling at the
speed limit. That's the V not in all of these
equations. If we assume that's the -- so the V
not is the initial speed when the light turns. If
we assume that's the speed limit, then we get the
numbers we Jjust talked about.

If at the moment the light turns
yellow the car is going more slowly, then the
stopping distance is shorter; and the stopping
distance actually gets shorter -- as the speed
decreases, the stopping distance gets shorter more
rapidly than the distance to travel straight
through does so that shrinks that region where the
driver can't safely do either one.

But at thirty miles an hour, I
just -- again, the same equations and plugging in
an initial speed, a V not of thirty miles an hour,
I still get a region of twenty feet or so where
there's not enough time to go straight through
even maintaining that same speed but there's not
enough stopping distance either.

BY MR. STAM:
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Q. Now, you said straight through but

we're talking about a left turn.

A. Yes.
0. You mean -- would you --
A. To get to the intersection at that

speed. I'm sorry.

Q. And proceed through?

A. Right. Right.

Q. You're not talking --

A. And that's, again, assuming that

that's a car that is going thirty miles an hour
at the instant the light turns and the car
continues to travel at thirty miles an hour,
whether the car is making a turn or not, I'm
just assuming the distance to the intersection
is the same.

Q. So if the town of Cary -- do you
have an opinion satisfactory to yourself --
excuse me, satisfactory to yourself whether in
the case of the town of Cary and/or the
Department of Transportation having shorter
yellow lights for left turns than for
straight-through traffic at the same
intersection, do you have an opinion whether

that makes any sense at all?
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MS. MARTINEAU: Objection to the form
of the question. Just total objection.
BY MR. STAM:

Q. Let me -- let me rephrase that.

Do you have an opinion
satisfactory to yourself whether with respect
to an intersection that has both left turn and
straight-through lights, and if the town of
Cary and/or North Carolina Department of
Transportation has a three second light for
turning left but a longer yellow light for
going straight through, whether that comports
with the laws of motion?

A. All of these calculations depend
on what the -- what the initial speed of the
car is, which is the speed at the instant the
light changes.

I don't know the intersection. If
the intersection is such that it is reasonable
for the driver to be coming up at -- you know,
if the traffic is always heavy and when the
light changes, the cars in the left turn lane
are always going twenty miles an hour, then
that might be okay because twenty miles an hour

works with these equations.
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But if the intersection is such
that cars are routinely coming up in the left
turn lane at thirty miles an hour or greater
when the light changes, then my calculations
show that there is a region where there's a
problem.

Q. I should have added to my
hypothetical that the stated speed limit for
this intersection was forty-five miles per
hour.

A. Right. And if cars are coming up
in the left turn lane at forty-five miles an
hour, then three seconds i1s too short a time to
allow cars that are too close to the

intersection to stop safely to travel through

it.

Q. My question is a little bit
different.

A. Okay.

Q. I'm not really addressing just

whether three seconds is right or wrong. We
have your figures on that. But whether -- if
it's an initial speed of forty-five miles per
hour, whether to have a shorter light for a

left turn lane than for a straight-through
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lane, whether that comports with the known laws
of motion of the universe?

A. If the straight-through time is
set so that cars traveling at the speed limit
that can't stop safely can just barely make it,
then that's a problem for the left turn lane
because cars making a turn have -- generally
have to slow down from the speed limit. And in
doing so, their average speed reaching the
intersection is going to be lower and it's
going to take them more time to get to the

intersection, not less. Generally.

MR. STAM: Could we take about a five

minute break?

MS. MARTINEAU: Sure.

THE VIDEOGRAPHER: We're off the

record.

(Pause in proceedings.)

THE VIDEOGRAPHER: We're on the
record.

MS. MARTINEAU: This is Elizabeth
Martineau. I'm the attorney for the Town of Cary.

While we were off the record a discussion was had

between myself and Mr. Stam, and we agreed to

stipulate that all questions are followed by a
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objection to relevancy as well as the
qualifications of this witness to testify as an
expert. And additionally, all answers are
stipulated to be followed by a motion to strike so
at the appropriate time a judge can determine
whether or not her -- this evidence is relevant
and can be admissible at the trial of this matter.

MR. STAM: And I agree to the
stipulation.

MS. MARTINEAU: Thank you.

MR. STAM: Okay.

(Thereupon, Plaintiffs' Exhibit 3,
graphs prepared by Brian Ceccarelli, was marked
for purposes of identification.)

BY MR. STAM:

Q. Dr. George, would you take a look
at what's been marked as Plaintiffs' Deposition
Exhibit 3.

A. Uh-huh.

Q. Dr. George, you did not prepare
these exhibits, did you?

A. I did not.

Q. I'll state for the record these
are parts of exhibits to Mr. Ceccarelli's

affidavit previously entered and that he
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prepared these exhibits; but assuming solely
for purpose of discussion or hypothetical that
they do illustrate what they purport to
illustrate and that they come from data
supplied by the Town of Cary, can you use these
to illustrate any of your -- or to discuss any
of your testimony?

A. Yes. So the first graph that
shows Cary Town Boulevard and Convention Drive,
this, I believe, is the case where the speed
limit is forty-five miles an hour.

And if -- if I go back to my
equations for stopping distance and for the
relationship between speed and time and
distance, a car that is closer than the
calculated safe stopping distance at forty-five
miles an hour, I calculate if that car
continues traveling at forty-five miles an hour
takes up to four point four five seconds to
reach the intersection.

And so I see on the graph that
there are two regions here, one where the
straight-through yellow is four seconds, four
point oh seconds. That's less than that amount

of time that a car traveling the speed limit
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that's closer than the stopping distance would
need to get to the intersection.

A car that's at the stopping
distance would need four point four five
seconds and so a car that's closer than that
would need up to four point four five seconds.

And so if the yellow time is four
seconds, I would expect that there would be
cars in that region between the stopping
distance and the distance that allows them to
travel straight through during the yellow light
who would reach the intersection -- they can't
stop in that stopping distance, they would
reach the intersection and the light might have
changed to red up to half a second ago. And so
I would expect to see a difference between
having the straight through yellow set to four
point five seconds, which my calculations say
is the time it would take all those drivers to
clear the -- to get to the intersection, and
four seconds, which means that there are some
drivers that can't get to the intersection in
that time.

So the fact that the number of --

I assume these are citations, drops
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significantly when we go from four seconds to
four point five seconds, makes sense with my
calculations.

Q. All right. And that's the first
page of Plaintiffs' Deposition Exhibit 3, which
is also marked as Exhibit C?

A. Yes.

Q. All right. If you would take the
second page, which is also marked Exhibit E --

A. Uh-huh.

Q. -- and this appears to be the
intersection involving Plaintiff Lori Millette.

A. Right. So this, I believe, is
also a forty-five mile an hour speed limit
zone. And so for cars traveling straight
through, again, the cars up to the stopping
distance might require up to four point five
seconds to reach the intersection at the speed
limit, cars that would have to slow down from
that to turn left would be traveling at a lower
average speed and so they would require even
more time. And so if the left turn yellow is
set to three seconds, then it makes sense to
me, based on my calculations, that there would

be -- there would be a region where there would
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be cars that couldn't stop safely but would
need more than that three seconds to get
through the intersection.

Q. And is that reflected in the huge
spike in citations at that intersection?

A. Well, it seems —-- 1t seems
consistent to me. The rate is fairly low until
the left turn yellow has changed to three
seconds and then the rate goes up by almost a
factor of ten.

Q. Uh-huh. And then at some point

there they turned off the light --

A. Right.

0. -- or did something to take it to
zero?

A. Zero, right.

Q. All right. Well, you know -- you
said that -- you said the rate was low or

relatively low; but if you compare that with
Exhibit C, because, remember, here you're only
allowing four seconds instead of four point
five seconds --

A. Uh-huh.

Q. —-— the scale of the graph is

different but it's still four or five times
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higher than what it would be at four point five
seconds. Am I reading that right?
MS. MARTINEAU: Objection to the

form. Leading.
BY MR. STAM:

Q. Because the average appears to be
maybe sixty, seventy, eighty per month.

A. For the four point oh second
straight-through yellow?

0. Yeah. Uh-huh.

A. Yeah. Sorry, I've lost the -- I

lost the original question.

Q. Well, my gquestion is, on Exhibit
E —-

A. Yes.

0. -—- whereas the four second left

turn yellow was maybe one tenth as what it got
to with the three seconds --

A. Oh, I see, you're comparing the
first graph and the second graph.

Q. -— it's still like the
precorrection Ceccarelli graph, somewhat?

MS. MARTINEAU: Objection. Move to

strike.

THE WITNESS: Yeah.
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MS. MARTINEAU: Counsel is
testifying.

THE WITNESS: That's hard to say
anything about.
BY MR. STAM:

Q. Hard to say. Hard to say. Okay.

Let's go to the third page, which doesn't have
a separate exhibit on it, but it's at that same
intersection where it went from four point oh
to three point oh. Can you use that to

illustrate your testimony?

A. I assume this is the same speed
limit?

Q. Same speed limit assumed -- may
you -- 1f you assume it's the same limit.

A. If I assume it's the same speed
limit --

Q. Forty-five miles per hour.

A. -—- again, the calculations

indicate that if the yellow light interval is
three seconds, that there will be cars -- cars
initially traveling at or close to the speed
limit, especially those that have to slow down
to make a left turn, will find that three

seconds isn't long enough to reach the
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intersection.

Q. Now, the final page is labeled
Walnut Street and Meeting Street. And,
unfortunately, it doesn't have a seconds
outside the shaded area so I'm not sure what
you can say about that.

A. Yeah. And, again, I don't know
whether -- if we assume the same speed limit,
again, it --

Q. It shows three point two seconds
for the shaded area.

A. Uh-huh.

0. And if you will assume that that
is a forty-five mile per hour --

A. Yeah.

0. -— speed limit both for
straight-through and a left turn --

A. Yes. And that makes sense because
it says should be four point five seconds and
four point five seconds is the number that it
takes for a car going forty-five miles an hour
to reach the intersection if it's just inside
the stopping distance so —--

Q. And that's with the other

assumptions you made earlier?
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A. That's with the other -- all of
the other assumptions and assuming the car is
not slowing down to make a turn or for other
purposes. Yeah, four point five seconds.

So three point two -- if the
yellow light interval is three point two
seconds, again, I would expect, just based on
those -- the laws of motion and the assumptions
about deceleration and reaction time, that
there would be a region where a car could not
get through the intersection or even to the
intersection in that three point two seconds
that the light is yellow.

Q. And the scale of this graph is
different than the others. This particular
intersection has months where -- more than a
thousand citations per month --

MS. MARTINEAU: Objection. Counsel
is testifying.

BY MR. STAM:

0. -- were written there.

MS. MARTINEAU: Move to strike.
BY MR. STAM:

Q. Is that what you read on this

graph?
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A. So the scale of this graph, yeah,
goes up to over a thousand. That depends on
numbers of cars and other factors so I'm not
sure what I can say about that.

(Thereupon, Plaintiffs' Exhibit 4,
Application of the ITE Change and Clearance
Interval Formulas in North Carolina article, was
marked for purposes of identification.)
BY MR. STAM:

Q. All right. If you would take a

look at what's been marked -- that goes here --
as -- for identification as Plaintiffs' Exhibit
4.

A. Yes.

0. And I'll stipulate that on the
page one there's some handwritten stuff at that
equation that was written by me and can be
ignored. Have you had a chance to review this?

A. Yes, I have.

Q. I would direct your attention to
the last page and the form determination of
yvellow change and red clearance intervals.

A. Uh-huh.

Q. Under notes.

A. Yes.
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Q.

about twenty miles per hour to thirty miles per

hour, I guess it's the third paragraph under --

would you read -- so you know we're on the
same --

A. So the -- for most left turn
lanes, that part?

0. Right.

A. For most left turn lanes assume a

With respect to

the assumption

speed limit of twenty miles an hour to thirty

miles an hour.

conditions,
appropriate.

Q.

For locations with unusual

a higher or lower speed may be

All right. Now,

do you know how

they used that in their equation?

A.

It —- from the numbers, 1t seems

to me that they are assuming that that is the

initial spee

d, what I called V not in these

equations, and it looks like just V in these

equations, the speed that the car is going when

the light turns yellow.

Q.

making here?

form.

So what is the error that they're

MS. MARTINEAU:

Objection to the
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BY MR. STAM:

Q. Do you have an opinion
satisfactory to yourself whether whoever
designed that form or that calculation made a
basic error --

MS. MARTINEAU: Same objection.

BY MR. STAM:

Q. -- of physics?

A. The equation --

0. Well, first, do you have an
opinion?

A. I have an opinion. The
equation --

Q. All right. What is your opinion?

A. The equation only works if the V

in the equation is the initial speed of the
vehicle at the time the light turns yellow.

If —— if cars are only going
twenty to thirty miles an hour at the time the
light turns yellow, then this equation gives a
number for the yellow change interval that
would allow those cars to travel to the
intersection i1if they don't slow down further.

If there are cars that are

traveling faster than that initially when the
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light turns yellow, then this -- this may not
give enough time for them to clear the
intersection if their initial speed is greater
than twenty to thirty miles an hour.

Q. Is this a confusion between the
approach speed and the speed within the
intersection? Is that the problem?

MS. MARTINEAU: Objection. Move to
strike.

THE WITNESS: It may be. If we -- if
there's an intersection that is always so full of
traffic that every time the light turns yellow the
cars are going twenty to thirty miles an hour,
then it's a reasonable assumption.

If that's not true, then it's not a
reasonable assumption because the V in the
equation has to be the initial speed that the
fastest moving -- reasonably fastest moving car --
legally fastest moving car could have at that
intersection.

MR. STAM: Could we label
Dr. George's notes as Plaintiffs' Exhibit 5. How
many pages of them are there?

THE WITNESS: That's three unless you

want that one, too. That's the same equation. I

65



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

66

just rewrote it so it would be easier to see.

(Thereupon, Plaintiffs' Exhibit 5,
Elizabeth George's notes, was marked for purposes
of identification.)

BY MR. STAM:

Q. All right. And there are --
Plaintiffs' Exhibit 5 is three pages, and we'll
make copies later.

MR. STAM: The plaintiff is about to
rest. Would you give me just one sec? More like
a minute.

Plaintiff rests. ©Not rests.
Plaintiff is through asking questions of the
witness. Over to you.

MS. MARTINEAU: Dr. George, my name
is Elizabeth Martineau. I'm an attorney and I
represent the Town of Cary in this matter. I do
have some questions for you.

CROSS-EXAMINATION
BY MS. MARTINEAU:

Q. How do you know Mr. Ceccarelli?

A. I was a classmate of his in
college at the University of Arizona in several
classes back in the early '80s.

Q. And since that time have you kept
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in contact with him?

A. I have not.

Q. Okay. So tell me, how were you
first contacted to provide an affidavit in this
case.

A. Brian called me, I don't remember
when exactly, and asked if I would look at some
things that he had written and eventually to
provide an affidavit as to the physics of the
situation.

Q. So what is your understanding of
what your role in this case is?

A. My understanding is that my role
is to discuss the -- validate the basic physics
behind the equations that are being used here
and to show how they apply to the particular

intersections that are under discussion.

0. Have you ever been to these
intersections?

A. I have not.

Q. Okay. Have you ever been to North
Carolina?

A. I have.

Q. Okay. And when was that and what

was the purpose for that?
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A. That was in -- I don't remember
the exact year. About 1992 I went to Triangle
University laboratory to visit a researcher
there who was working on a project that was
similar to one I was working on. I was there
for about a week.

0. Did it involve traffic signal
designs in any way-?

A. No.

Q. Did it involve calculating yellow
times for traffic signals in any way?

A. No.

Q. Okay. So you have a bachelor's in
science and physics; is that right?

A. That's right.

Q. Okay. And then you have a
master's in medical physics?

A. That's right.

Q. And then you got your Ph.D. in
physics?

A. Right.

Q. Okay. And you teach -- you
currently teach -- or share courses with your

husband teaching physics classes?

A. Yes. I mean, we teach -- we don't
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teach the same courses, but we teach half of a
full-time teaching load at Wittenberg.

Q. Okay. And have you ever provided
expert witness testimony before?

A. No, I have not.

Q. Are you licensed to practice

engineering in any state?

A. I am not.

Q. Do you plan on giving engineering
standard of care questions in this -- or
opinions in -- strike that.

Do you -- yeah, do you plan on

giving engineering standard of care opinions in

this case?

A. No.
0. Are you familiar with the North
Carolina Board of -- North Carolina Board of

Engineering and Surveyors?

A. Not as such, no.

Q. Have you ever sat —-- have you ever
sat for the boards in engineering in any state?

A. No.

Q. Are you —-- are you a member of any
engineering society?

A. No.
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Q. Okay. How about the International
Transportation Engineers Society, are you —-- do
you —-- have you ever had the opportunity to

work with them in your role as either a

professor or researcher?

A. No.
Q. How about -- are you familiar with
the engineering -- the professional engineering

requirements for the state of North Carolina?

A. For the state of North Carolina,
no.

Q. And you don't purport to practice
engineering --

A. No.

0. -- do you?

A. I don't.

0. Do you know what the North
Carolina law is regarding what -- because we --

Mr. Stam used the term lawfully from time to
time. Do you know what the North Carolina
general statute traffic law is regarding steady
yellow lights?

A. Is this -- I'm not sure I do.

Q. Okay. And you just took a look at

some material that you have. Can you -- I'm

70



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

over —-- you know, I'm not sitting next to you,
but can you go through what you have in your
file, please?

A. I do have the Manual on Uniform

Traffic Control Devices relating to yellow

lights.

0. And what is the date of that
publication?

A. 2009, including revision one and

revision two dated May 2012.

Q. Okay. What else do you have in
your file?

A. I have my individual calculations
for the data that was provided. Let's see what
else do I have? I have the Institute of
Transportation Engineer's Traffic Engineering
Handbook. And the rest of this is, I believe,
materials that Mr. Ceccarelli has written that
are on the web and other places.

0. And I don't want to take your file
with me, but do you have any objection to me --
or after this deposition is over to copy your
entire file that you brought and provide it to
Mr. Stam so we can attach it as an exhibit to

this deposition?
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MR. STAM: We can probably do it
today. It's very limited.

THE WITNESS: Yeah, that's --

MR. STAM: Let's do it before we go.

THE WITNESS: That's fine.

BY MS. MARTINEAU:

Q. Is that fine?
A. That's fine. Oh, I also have --
yeah. I have a paper by Denos Gazis, The

Problem of the Amber Signal Light in Traffic
Law.

Q. When is the first time you ever
reviewed that paper by Denos Gazis?

A. Probably a little over a year ago.
It was one of the materials that Brian
Ceccarelli suggested that I look at, and I
think he had it linked on his website.

0. And that was solely in relation
to -- the purpose of you reviewing that article
was solely in relationship to either your
affidavit or the work that you were going to be
doing on this case?

A. Yes.

Q. Have you ever -- in your either

education, your training, your teaching, or any
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other additional continuing education credits
that you may have received in your role as a
physicist, have you ever had the opportunity to
review that document before?

A. That document, no.

Q. Okay. You also indicated you have
an ITE Traffic Engineering Handbook?

A. Some pages from it.

Q. Okay. And we will -- you know,
once it gets copied, I'll have a better idea of
what you have, but where did you get that from?

A. This I got from Mr. Stam.

Q. Okay. And when did you receive

that from him?

A. Yesterday.

0. And did you meet with Mr. Stam
yesterday?

A. I did.

0. And did you talk with Mr. Stam
about what your opinions might be?

A. Yeah. I mean, he -- he had
already seen the affidavit and it was basically
that.

Q. Okay. And did you work with

Mr. Ceccarelli in preparing the affidavit?
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A. I did -- actually did not.

Q. Who did you work with in preparing
the affidavit?

A. Mostly myself. I had my husband,
who is a physicist, just check over my
numerical calculations to make sure I hadn't
plugged in an incorrect number anywhere.

Q. Who typed the affidavit?

A. I did.
Q. Okay. And so is it your position
and testimony that your -- that you are here to

give opinions and to provide physics equations

related to the laws of motion?

A. Yes.

Q. Okay. Any other role in this
case?

A. Well, the physics equations and as

they apply to specific cases.
Q. When you say as they apply to
specific cases, what do you mean?
A. I mean the applications of the
general equations of motion to these
specific -- some of the specific intersections.
Q. Have you reviewed the signal plans

for these specific intersections?
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A. I believe that some of that
information was -- may be on the website --

Mr. Ceccarelli's website.

Q. Okay. So you've reviewed his
website?

A. I have.

Q. And you think that some of those

materials might be on his website?

A. I have -- I have a memory that
they might be, but I might be wrong.

0. Okay. Now, the Uniform -- excuse
me. The Manual of Uniform Traffic Control
Devices, you have part of that in your file
today, do you use that manual at all in your --
in your current work?

A. No.

0. Do you teach that manual at all to
any of your students?

A. I don't ——- I don't teach the
manual. When we teach introductory physics
courses that have to do with mechanics, we
often work example problems and have the
students do as homework problems that are
similar to this. In a standard introductory

physics textbook you would have, you know, a
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problem of how long it takes a car to stop or
how far it can travel. But the manual
specifically, no.

Q. Okay. And that's my question. So
do you use the actual manual --

A. The actual manual, no.

0. —-— of Uniform Traffic -- and just
for the purposes of the court reporter, if you
could let me finish my question --

A. Oh.

Q. -- before you answer and then I'll
give you the time to answer. It just makes for
a better record. 1It's not how people talk but
it does make for a better record.

A. Yeah. Sure.

Q. Okay. So do you use the Manual of
Uniform Traffic Control Devices in any course
that you teach?

A. No.

Q. Okay. In your publications that
are attached to your CV, do any of those
publications have to do with traffic signal
design?

A. They do not.

Q. Has traffic -- other than -- prior
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to being contacted by Mr. Ceccarelli, had

traffic signal design ever been an interest of

yours professionally?

A. Not -- not as a researcher. As
teacher, it's an interesting case to have
students look at in introductory physics
courses but not as a researcher.

Q. In your introductory physics
courses do you ever -- do you ever teach

students how to design traffic signal plans?

A. Not specifically.

Q. Okay. Now, do you have any
opinion -- well, let me -- before I ask you
that -- in your role as a professor at
Wittenberg University -- is it --

A. Yeah, university.

Q. -- do you ever supervise either

undergrad or graduate physics majors --

A. In —-

Q. -— in terms of individually for
A. In research?

Q. Yes.

A. Yes.

Q. Okay.

A. Undergraduate. We're only



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

undergraduate.

Q. Okay. And what type -- do those
research students that you -- what would be the
proper word? I just can't think of it when
you're a professor and you have a student that
you are sort of supervising in a research
capacity.

A. Word for what I do or what they --

0. What you do.

A. Mentor.

Q. Okay. Let's use -- when you're
mentoring these students, what types of
research would these undergrads be interested
in or working on?

A. Some of them work on nuclear
physics research that I'm involved in. I've
had a number of students work on a project that
we're doing with the geology department to
study how changes to lowhead dams in Buck Creek
affect the flow of the river. 1I've had some
students work on projects in electronics to
measure very short time intervals with
electronic circuits. I've had students work on
physics education projects. Projects to

measure —-- construct a pressure sensor that can
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measure underwater. So it's a variety.
Q. Okay. Would it be accurate to say

that none of those research students that you

are mentoring are -- do research in traffic
engineering?

A. None of them have.

Q. And you don't -- you've never

taught any course specific to traffic

engineering?

A. No, not specifically to traffic
engineering.

Q. And you've never taught any course

that dealt with engineering standards of care?
A. Right.
Q. And you've never taught any course
regarding engineering standards of practice?
A. Right.
Q. Are you -- so how did you -- what
did you do when you got this case in order
to -- well, prior -- let me back up.

Prior to Mr. Ceccarelli contacting
you, were you aware of what ITE, the Institute
of Traffic Engineers, recommended for designing
yellow times and all red times and things like

that?
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A. No, I was not specifically aware
of that.
Q. Okay. How about even generally,

have you ever generally been aware of what ITE

recommended?
A. No, I -- yeah.
Q. Okay. And how about the Uniform

Manual on Traffic Control Devices, prior to
being contacted by Mr. Ceccarelli, did you have
any understanding of what the manual required
or what their standard was for designing yellow
times?

A. No, not specifically.

Q. Okay. How about just in general,
did you ever, prior to Mr. Ceccarelli
contacting you, ever refer to the manual for --
for how yellow times were to be determined?

A. I don't think I did.

0. Do you know what the stat -- the
North Carolina statutory requirement is for
yvellow times at intersections where Wake County

municipalities install red light cameras?

A. I don't think so.
Q. Did you understand my question?
A. Yes.
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Q. Okay.
A. And this is the specific legal

statutory requirement?

Q. Right.
A. Yeah. ©No, I can't quote that.
Q. Okay. Do you have an opinion

whether or not the signal plans at issue in
this case —-- the official signal plans were
signed and sealed by a North Carolina licensed

professional engineer?

A. I do not.

Q. Do you have an opinion of
whether -- well, have you -- you said you
looked at some of these signal plans. Did you

look to see whether or not the signal plans
complied with the MUTCD?

A. No, I don't think I did.

Q. Did you -- as you sit here today,
do you know what the 2003 MUTCD requirements
were for the length of yellow times?

A. 2003. No.

Q. Okay. How about 20092 Well, let
me ask you this: Do you know what the date is
of the official signal plan of record for

Mr. Ceccarelli's intersection? Do you happen
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to know what the date of that plan is?

A. No, I don't.

Q. Okay. Do you know which version
of the manual was in effect at the time --

A. No, I don't.

Q. -— that signal -- I'm sorry --
that signal plan was designed?

A. No.

Q. Do you know what the standard of
practice is for engineers anywhere for how
often signal plans need to be redesigned?

A. No.

Q. Okay. Do you know what the 2009
version of the Manual of Uniform Traffic
Control Devices, what they have to say about

yellow times -- the design of yellow times?

A. No, I don't remember what that 1is.

I think I've looked at it, but I don't
remember.

Q. Okay. Do you recall in any of

your investigations that you did for this case

whether or not you saw that any of the -- any
of the yellow times that you're aware that is
at issue in this case exceeded the -- either

exceeded or was not -- what's the opposite of
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exceeded -- either were longer -- well, strike
that. Let me ask a new question.

Do you know whether or not any of
the signal plans that you looked at related to
this case, whether any of those yellow times
did not comport with the times allowed in the
manual?

A. No, I don't know that.

Q. Okay. Are you -- I don't want to
testify for you, but do you recall hearing that
the manual required yellow times be between
three and six seconds?

A. That's -- that's a -- those are
numbers that I've read in a lot of documents.

I can't tell you exactly which ones, but I do
remember reading those general numbers.

Q. Okay. Are you aware of any yellow
times at issue in this case that are less than

three seconds?

A. No, I'm not.
Q. Okay. Do you know what the
definition of -- or the purpose -- let me ask

you differently.
Do you know what the purpose,

according to the Manual of Uniform Traffic
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Control Devices, either 2003 or 2009, what the
purpose of the yellow time interval is?

A. No, I can't quote you that.

Q. How about in general? Do you have
a general understanding of what the purpose of
the yellow change interval is?

A. No. I have -- I have only my own
understanding of what the yellow change
interval is for, I guess.

0. Sure. And what do you base what
your understanding of what the yellow change
interval is for on? Where does that come from?

A. Well, it comes from -- it comes
from physics. It comes from understanding that
there are going to be cars that are too close
to the intersection to stop safely and that the
yellow change interval should be long enough to
let them get -- the yellow, plus the red, needs
to be long enough certainly for them to get
through the intersection safely. And the
yellow itself, I assume, is to let them get to
the intersection before the light turns red.

Q. Okay. Have you —-- do you recall
in your preparation for giving testimony today

whether you came across any definition of -- or
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purpose -- either definition of or purpose of

yellow change intervals to alert the driver

that the -- that the -- that the signal -- that

the color of the signal is about to change?
A. Oh, vyes.
0. Okay.

A. Yeah.

0. All right. And that is different,

you would agree, with a definition of a physics

calculation, correct?

A. Well, if the only purpose of the
yellow light is to alert drivers that the
signal is about to change, then there doesn't

need to be a minimum for the yellow light.

0. Okay. That's a different
question. Your answer -- I mean, that -- you
answered a different question, but -- but my
question --

A. I would say that's one of the

purposes of a yellow light.

Q. Okay. And where -- okay. And
have you ever been taught what the purpose --
have you ever in your education or your
training or your background as a physicist,

were you ever —-- did you ever take any course
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or do you recall being taught what the
purpose -- what the engineering purpose of a
yellow change interval was?

A. Not in any course I took.

Q. And you also -- how about in terms
of an all red signal, have you prior to being
contacted by Mr. Ceccarelli in your -- any of
the courses that you teach and any of the
courses that you recall -- you know, any of the
information you recall being taught as a
physics student and any of the research that
you've done in your professional life, was the
study of red change intervals any -- ever a
part of that?

A. Actually, I mentored a student in
an electronics project where we had to get the
electronics timing logic correct in order to
produce red intervals of -- all red intervals
of a certain amount of time, and there was an
explanation there that the all red interval is
to allow time for traffic to clear the
intersection before traffic going in the other
direction is released and that that might
depend on the size of the intersection and

other factors.
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Q. So —-

A. But not in any class I took ever.
0. Okay. So —-

A. This was something that I read as

part of helping a student with a project.
Q. Have you -- prior to being
contacted by Mr. Ceccarelli, have you done any

research or study into the engineering problem

of too -- of yellow times that are too long?
A. Not prior to being contacted by
him.
Q. Since being contacted by him have

you undertaken any either research or study
into the engineering -- well, into -- into why
engineers might not want yellow times to be too
long?

A. I have read in some of these
materials a little bit about that, particularly
for high speed intersections, that simply
applying the formula and having yellow lights
that are too long might lead to results that
are not desired. My memory is that those are
for longer times, up to the six second maximum
we talked about earlier.

Q. And this was -- so this was

87



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

something that you would -- did you get this
information from reading engineering articles
or journals about why yellow times -- you know,
why yellow times should not be too long-?

A. Yes. I think probably these
traffic manuals and ITE documents.

Q. Do you know whether or not the
yellow times that are on the signal plans of
record that are at issue of this case, whether
those are consistent with traffic engineering
standards and/or practices promulgated by the
ITE?

A. I -—- my sense is that they're not
consistent because they're not up in that upper
level of times that would be considered to be
too long.

Q. Okay. I'm not talking about --
okay. In terms just of the length of the
yellow times at issue in this case that are on
the signal plans of record, do you know whether
or not -- in your investigation, did you come
across any information to say that -- that
would indicate that the yellow times on the
signal plans of record in this case are not in

conformance with ITE recommendations?
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A. Not specifically.
Q. And I think you testified earlier
that you came -- that you did -- in your

investigation or your research for giving
opinions in this case, that you did note that
ITE recommended using an assumed speed for left
hand turns between twenty and thirty-five miles
an hour; is that correct?

A. That was in one of the documents I
read. I'm not sure that that was an ITE
recommendation.

Q. Okay. So you don't know where
that came from but you saw that somewhere?

A. Uh-huh.

0. Is that correct?

A. Uh-huh.

Q. Yes?
A. Yes.
Q. Have you ever published or sought

to publish any scholarly articles or research

related to traffic signal engineering?

A. No.
Q. Have you ever published or sought
to publish any article -- scholarly article or

research regarding traffic engineering standard
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of care or practice for designing signal times?

A. No.

Q. Have you ever been hired by any
organization that promulgates or publishes
guidelines or practices or standards of care
for traffic signal engineering?

A. No.

0. You talked about -- you used the
term to safely stop. And I think you actually
at some point did give a definition of what you
meant by safe. Can you just -- I didn't write
it down. Can you tell me what -- again, what
you mean when you say in your affidavit or in
your testimony today to either safely stop or
stop safely?

A. I am there using the -- what I
understand to be the standard wvalues for
perception or reaction time and deceleration
that is provided in the literature and the
equations of motion that show how much time or
distance it will take with those assumptions in
order to stop.

Q. When you talk about the
deceleration time provided in the literature,

what do you mean by that?
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A. The perception time or the --
Q. Well, you said deceleration time.
Not perception -- well, you said

perception/reaction, deceleration time provided
in the literature. My question is related to
the deceleration time.

A. Well, the deceleration time is
calculated from the equations of motion using
the perception or reaction time and the value
of deceleration.

Q. Where do you get the value of
deceleration from?

A. Various -- well, there -- I've
seen various assumptions in various of these
traffic engineering documents and codes. I
think the number I used in my calculations was
eleven point two feet per second squared.

Q. Where did you get that from?

A. I would have to look. It's one
of -- it's one of these -- can I look?

Q. Sure.

A. Okay. Because I know it's one of

these --
MR. STAM: May I refer her to the

correct exhibit and page?
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MS. MARTINEAU: Well, let -- she's
I mean, I don't know.

THE WITNESS: Yeah, let me see if I
can find it.

BY MS. MARTINEAU:

Q. While you're looking -- well, go
ahead.

A. Yeah.

Q. You can —--

A. For example, I see in the Traffic

Engineering Handbook there's actually a
deceleration rate of ten feet per second, which
is less than the number I used, eleven point
two. So the number I used was actually a
little more conservative.

Q. And if I may, Dr. George --

A. And I -- my affidavit says I used
North Carolina Department of Transportation
values.

Q. So is it fair to say that you --
that you determined what the calculation was by
going to and referring to engineering
publications?

A. I determined the numbers to use in

the calculations from engineering publications.
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Q. Prior to being contacted by
Mr. Ceccarelli, when would you have used those
calculations before before that?

A. Well, we do calculations like that
in the introductory mechanics course for, you
know, typical -- so I probably have used
typical numbers for -- I know I have used
typical numbers for perception time and
deceleration. And the numbers I found in the
engineering literature were close to numbers
that I've used before when teaching
introductory physics.

Q. And does your introductory -- do
you have your introductory physics class -- do
you teach physics related to automobiles?

A. Partly. We use automobiles as
examples in our introductory class.

Q. Okay. 1Is it your testimony
that -- you talked about -- well, where -- had
you studied dilemma zones prior to being
contacted by Mr. Ceccarelli?

A. I wasn't familiar with the
terminology; but, again, in introductory
physics courses, we do calculations like this.

But the term dilemma zone was not familiar to
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me.

Q. Okay. And the term -- the
engineering term dilemma zone was not something
that you utilized -- that you utilized?

A. Not in those words.

Q. Okay. Right. So --

A. But the concept, yes, again, in
teaching introductory physics that it may be
possible for a car to not stop safety and then
you can figure out how long it takes the car --
a car to get to the intersection under those
conditions. The term dilemma zone, no, but
that -- that concept is familiar.

0. Okay. So the term dilemma zone is
not a term that you used or use in teaching
physics?

A. That's right.

Q. Okay. It was something that you
came across in preparing for your research and
testimony today?

A. That's right.

0. And -- okay. And when you say
stop safely, you don't mean to be able to --
well, strike that. I'm going to strike that.

Do you know what the laws of North
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Carolina say about whether or not a driver in
order to abide by the law has to stop the car
prior to the red light being activated or Jjust
must enter the intersection prior to the red
light being activated?

A. I --— no, I assume that a driver
who is outside the stopping -- I don't know,
but I assume that a driver that is outside the
stopping distance, farther from the stopping
distance who is still braking while the red
light comes on is fine as long as that driver
does not enter the intersection.

0. Okay. What about can -- if the
driver does enter an intersection on a yellow
light and then that light turns red while
they're in the intersection, do you know

whether that violates the laws of North

Carolina?

A. I don't know those laws of North
Carolina.

Q. Okay. Do you have any information

as to these intersections of crash rates at the
intersections?
A. No, I don't.

Q. And you've never -- in your role
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as a physicist and as a teacher and as a
researcher, have you ever done studies

regarding crash rates at intersections?

A. No, I haven't.
Q. From a physics point of view, are
you aware that it takes -- if a car is stopped

at a stoplight and then that stoplight turns to
green, that some laws of motion would come into
play as to when that car actually enters the
intersection?

A. Sure. There would be a perception
time and then acceleration.

0. And do you know whether or not
engineers use that perception time when -- or
take into consideration that perception time
when they do the traffic signal plans?

A. I don't know that.

Q. And, again, is that because you
don't practice traffic signal engineering?

A. That's right.

Q. And you don't know what the
standard of care is for traffic signal
engineering?

A. Not for that.

Q. And it's not your -- it's not your
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role to provide testimony today on engineering
practices, correct?

MR. STAM: Objection --

THE WITNESS: Correct.

MR. STAM: -- solely to the
redundancy.

THE WITNESS: That's right.
BY MS. MARTINEAU:

Q. Do you know how fast -- well, have
you -- do you know how many of the red light
camera citations that were issued by the town
of Cary for the intersections at play, do you
know how many of those people were in the
dilemma zone --

A. I do not.

Q. -- at the time they -- or leading
up to them receiving a citation?

A. I don't know that.

Q. So would you agree that -- well, T
mean, so for those vehicles that were not
within what you consider to be the dilemma
zone, that those vehicles should have either
been able to stop or continue through the
intersection and not have received -- excuse

me, could have either stopped or proceeded
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through the intersection safely?

A. I -—- I don't know for sure. The
dilemma zone, as I've defined it, assumes that
a driver that proceeds through the intersection
doesn't need to slow down. If that's the case
at these intersections, then there probably
were drivers -- there are regions -- there are
still regions where a driver can stop or
proceed through the intersection safely even if
there is a dilemma zone.

Q. Okay. And you have no idea what

percentage of drivers that receive red light

tickets --
A. No.
0. -—- did that or not?
A. No.
Q. And that's not part of what you

were asked to do today?

A. That's right.

Q. And Mr. Stam identified
Plaintiffs' Exhibit 4 for your deposition. Had
you seen this before, Plaintiffs' Exhibit 47

A. I saw it yesterday.

Q. Okay. So you saw it yesterday for

the first time?
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A. Yes.

Q. Okay. Prior to seeing -- I said
defendant's, I'm sorry. Prior to seeing
Plaintiffs' Exhibit 4, had you been aware that
the North Carolina section of the Institute of
Transportation Engineers undertook a study?

A. No.

Q. Okay. And did you read in here
that this study recommends the practice of
using twenty miles an hour for an assumed left
turn speed?

A. I read assume a speed of twenty
miles an hour to thirty miles an hour. For
locations with unusual conditions a higher or
lower speed may be appropriate.

Q. Okay. And do you know what the
qualifications -- or the engineering
qualifications were for the members of this
task force?

A. No.

Q. Do you know whether they were
professional engineers or not?

A. No, I don't.

Q. Okay. To the extent that the

licensed engineers who designed the signal
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plans at issue in this case used an assumed

speed for left turns of twenty miles an hour,

would you agree that that's consistent with

what is recommended in Plaintiffs' Exhibit 47

A. It's == I don't have enough
information to answer that. It's not
inconsistent. It's the lower number of what is

recommended here, and I don't know whether

there are unusual conditions that might make

that not applicable.

Q. Okay. But you would agree that if

a licensed North Carolina engineer used twenty

miles an hour for an assumed speed for a left

turn when designing a yellow time, that twenty

miles an hour is within the twenty to thirty

miles an hour recommended by this publication,

correct?

MR. STAM: Objection to form, and

I'll be glad to tell you what it is.

MS. MARTINEAU: That's okay.

THE WITNESS: Twenty miles an hour is

between twenty and thirty miles an hour.

BY MS. MARTINEAU:

Mr.

Q. Do you know how fast

Ceccarelli was when he first saw the
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yellow —-- excuse me -- the light in his
direction of travel turn from red to yellow?

A. I don't.

Q. Do you have an opinion of whether
or not Mr. Ceccarelli could have stopped prior
to the light turning red if he had wanted to?

A. Not knowing his initial speed and
his position, I don't.

Q. Okay. And the same question for
Miss Millette, do you know how fast Miss
Millette was going --

A. No.

0. -— when she first noticed the

light in her left turn direction of travel to

change from red -- excuse me, from green to
yellow?

A. No.

Q. So you have no opinion of whether

or not Miss Millette could have either stopped
prior to the intersection -- excuse me, could
have stopped before entering the intersection
safely?

A. No.

Q. How about have you ever

undertaken -- either before or after being
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contacted by Mr. Ceccarelli in this case, have
you ever undertaken to do any traffic studies?

A. No.

Q. So you've not gone out to an
intersection and watched left-hand turn drivers
to see how fast they travel, correct?

A. That's correct.

0. I'm almost done. Dr. George, do
you have --

MS. MARTINEAU: Sure. Go ahead.
We'll go off the record.

(Pause in proceedings.)

THE VIDEOGRAPHER: We're on the
record.
BY MS. MARTINEAU:

Q. And, Dr. George, I already -- I'm
going to ask -- I already asked you the
question regarding your opinions on the 1991
signal plan where Mr. Ceccarelli received his
citation, but I want to ask you about the other
signal plans. I understand that you may or may
not have reviewed them, but do you know or do
you have an opinion of whether or not the '06
signal plan at Maynard and Kildaire Farm Road,

whether the yellow time at that -- on the
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left-hand turns at those intersections, whether
they are in full conformance with the
requirements of the Manual of Uniform Traffic

Control Devices?

A. No.

Q. You don't have an opinion whether
or not --

A. I don't have an opinion.

Q. Dr. George, do you have an opinion

of whether or not the yellow times on the
signal plan at High House Road and Cary
Parkway, whether those yellow times are in full
conformance with the requirements of the -- set
out in the Manual of Uniform Traffic Control
Devices?

A. I don't have an opinion.

Q. Dr. George, do you have an opinion
of whether or not the yellow times on the
signal plan at play in this case for Kildaire
Farm Road and Cary Parkway, whether those
vellow times are in full conformance with the
requirements of the Manual of Uniform Traffic
Control Devices?

A. I don't have an opinion.

MS. MARTINEAU: Thank you,
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Dr. George. Those are the questions I have for
you.
MR. STAM: Dr. George, a few
additional questions.
REDIRECT EXAMINATION
BY MR. STAM:

Q. I note on your CV that you are a
reviewer for the nine chapters of the third
edition of Knight book entitled Physics for
Scientists and Engineers?

A. Yes.

Q. Why would they ask a physicist to
review a book written for engineers?

A. Well, it's a -- 1it's a book for
the introductory physics course that is taken
by people who are in either science majors or
engineering majors. Most -- most engineering
majors, if not all engineering majors, have to

take that introductory physics course.

Q. Why?

A. Because -- well --

Q. You design curriculum?

A. Yes. And have worked with

students who have gone on to be engineers, and

I -- they use those basic physics principles in
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their engineering.
Q. Engineering is applied physics and
chemistry and --

MS. MARTINEAU: Objection to the form
of the question. Move to strike testimony of
Mr. Stam.

MR. STAM: I wasn't quite finished
with my question.

BY MR. STAM:

Q. Is engineering applied physics and
chemistry and other sciences?

A. Engineering is the application of
science and math to real world problems.

0. You were asked about the signal
plan for the intersection where
Mr. Ceccarelli -- the intersection -- the site
plan for the intersection where Mr. Ceccarelli
had his citation for not stopping at the red
light.

Regardless of the date of that
signal plan, did you know that that signal plan
assumed a speed limit of thirty-five miles per
hour when the actual speed limit was forty-five
miles per hour?

MS. MARTINEAU: Objection. Testimony
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of Mr. Stam.

THE WITNESS: I remember reading in
some document that the yellow light interval had
been created for a speed of thirty-five miles an
hour, yes.

BY MR. STAM:

Q. And is the approach speed, which
in this case I assume is the speed limit, what
they used, if you miss on the V -- if you input
the wrong variable there, will you get the
wrong output on the equation?

A. All of those equations assume that
that V is the speed that the vehicle is going
when the light turns yellow. So, yes, if you

use the wrong V, you get the wrong numbers.

Q. Garbage in, garbage out?
A. Right.
Q. Okay. Now, if the only purpose of

a yellow light were to let you know that a
green light is coming --

A. A red light.

Q. -— a red light is coming and
presumably, therefore, a green light is
coming --

A. Uh-huh.
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Q. -- at the perpendicular road --

A. Uh-huh.

Q. -— and there's an eighteen-wheel
trucker coming and is about to hit you if you
don't get out of the way, I guess you would be
alerted if it were only two seconds so that you
could prepare for death?

MS. MARTINEAU: Objection. Move to
strike.

BY MR. STAM:

Q. Is that why there's other purposes
for a yellow light?

MS. MARTINEAU: Same objection, as
well as her qualification to testify as to the
engineering reason —-- purpose of a yellow light.

THE WITNESS: If the only purpose of
the yellow light is to tell you that the red light
is coming and that the green light is coming the
other way, then I wouldn't -- it could be -- it
could be -- the yellow light could be very short.
It would not have to have any length that has
anything to do with the speed limit or anything
else like that. It could be, yeah, as short as --
as short as you want if the only purpose is to

alert you that the light is going to change.
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(Thereupon, Plaintiffs' Exhibit 6,
Traffic Engineering Handbook, 6th Edition, was
marked for purposes of identification.)
BY MR. STAM:

Q. I'll show you what's been marked
for identification as Plaintiffs' Exhibit
Number 6 and ask if this is also a document
that has been provided to you?

A. Yes. I have seen this document
before.

Q. And it appears to be certain pages
from what?

A. The 6th Edition of the Traffic
Engineering Handbook, Institute of
Transportation Engineers.

Q. If you would take that along
with -- pages four twelve and four thirteen of
that publication and then also look at
Plaintiffs' Exhibit 4, page twenty-four, and
compare, I guess I'll say, the factual
assumptions for reaction time and deceleration
rate.

A. Uh-huh.

Q. Are they different or similar or

the same?
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A. They're not the same. The
reaction time in the traffic engineering
handbook says typically one second and in the

other document typically one point five

seconds.
Q. Now —-—-—
A. And --
Q. Is that because one it says

reaction time and the other says --

A. Perception/reaction time.

Q. -- perception/reaction time, or is
that just a difference of opinion amongst
engineers whether it should be one second or
one and a half seconds, if you know?

A. I don't. I don't know.

Q. All right.

A. I —-- just based on the use of the
equation, I assume it's referring to the same
thing, that is the time it takes the driver to
put the brakes on after the light is perceived
to be yellow.

Q. Okay. So you take that as just a
change in the opinion of engineers whether --
how long it will take?

A. Yes. That's what I would assume.
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Q. Okay. And you -- either one --
does your formula work with either one? I
might not be asking the question right.

A. The formula is the same. The
numbers that I quote -- quoted in the affidavit
and that I quoted earlier are assuming the
longer time --

Q. The one point five?

A. —-— the one point five seconds
because that gives a more conservative estimate
of the --

0. Okay. And that's the one that's
specific to North Carolina --

A. Okay.

0. -— as I understand it; 1s that
correct?

A. Yeah. Well, that's --

Q. All right.

A. And that's the number I've been
using.

Q. Would you also look at the
deceleration rate.

A. Uh-huh. So in the Traffic
Engineering Handbook it says typically ten feet

per second squared and in the ITE journal
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eleven point two feet per second squared.

Q. Okay. And is that what you used,

the eleven --

A. I used the eleven point two.
Again, that's more conservative.

Q. Now, when you say conservative,
you're not referring in any political sense?

A. No.

MS. MARTINEAU: You're not?

BY MR. STAM:

0. Okay.

A. Not that I know of. I haven't

read the Republican party platform.

Q. On physics. Okay. Now, they both

appear to be addressing the same question, do

they not?
A. Yes.
0. Of how to calculate the yellow

light interval?

A. Right.
Q. Both of them in the -- V in the
actual -- what do you call that, a formula or

an equation?
A. Either one.

Q. All right. Say V equals design
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speed and is that --

A. Feet per second.

0. -— feet per second?

A. Uh-huh.

Q. All right. 1Is that talking about
the design speed when you're in the middle of
the intersection using the friction of your
tires to help you decelerate or is that talking
about the design speed at which you first see
the yellow light?

A. The equation -- in this equation V
is the speed when you first see the yellow
light.

(Thereupon, Plaintiffs' Exhibit 7,
Manual on Uniform Traffic Control Devices for
Streets and Highways, 2009 Edition, was marked for
purposes of identification.)

BY MR. STAM:

0. I'd like to show you one other
exhibit. That goes here.

If you would take what's been
marked as plaintiffs' Exhibit 7. Were you
provided this prior to your deposition?

A. Yes.

Q. And you were asked about this on
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cross—-examination, I believe; is that correct?
A. Yes.
Q. Now, just tell us what it is for
the record?
A. This is a page from the 2009

Edition Manual on Uniform Traffic Control

Devices.

Q. All right. Do you have page five
twelve?

A. Five twelve.

Q. What does page five twelve say
about how the standard -- what the standard is

for the duration of the flashing yellow
interval to be determined by engineering
Jjudgment?
MS. MARTINEAU: Objection.
Mischaracterization of the testimony.
MR. STAM: I'm sorry.

MS. MARTINEAU: Move to strike.

MR. STAM: I'm sorry. I'll withdraw

that.
BY MR. STAM:

Q. Would you read from point 05
through point 077

A. Sorry.
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Q. About two-thirds of the way down.

A. Yeah. Does that start with the
standard?

Q. It would start with the duration.

A. The duration.

Q. Actually, if you would go --

A. The study?
Q. -— right above that. Guidance.
A. So guidance, the duration of the

flashing yellow interval should be determined
by engineering judgment.

0. Okay.

A. Standard, the duration of the
steady yellow change interval shall be
determined using engineering practices.
Guidance, the steady yellow interval should
have a minimum duration of three seconds and a
maximum duration of six seconds, see Section
4D.26. The longer interval should be reserved
for use on approaches with higher speeds.

0. Is there a big difference between
three seconds and six seconds in the use of
your formula?

A. Yes.

MR. STAM: Okay. No further
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questions.
RECROSS-EXAMINATION

BY MS. MARTINEAU:

Q. Dr. George, do you know when the
2009 Edition of the Manual on Uniform Traffic
Control Devices was first published?

A. No.

Q. Are you -- do you know if you meet
the qualifications in any state to sign and

seal traffic signal plans?

A. I do not.

0. You don't know?

A. No, I don't -- I don't meet the
standards. I know I don't.

0. Okay.

A. Well, okay. I don't know all
state laws. I don't know.

Q. Okay. How about, did you look --
how about North Carolina, do you know if you
meet the standards in North Carolina -- well,
let me ask you, are you qualified in North
Carolina to sign and seal traffic signal plans?

A. No. Well, I don't know.

Q. You don't know? And I think I

asked you this: And as far as -- do you know
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what the North Carolina statutory definition of
the practice of engineering is?
A. No.

MS. MARTINEAU: Okay. Thank you very
much.

MR. STAM: Just shall we -- are these
the copies of her --

MS. MARTINEAU: Are we done?

MR. STAM: Yes. Oh, I want to ask
you a question.

FURTHER REDIRECT EXAMINATION

BY MR. STAM:

Q. Dr. George, do you claim to be an
engineer?
A. I do not.

MR. STAM: Thank you. No further
questions.

THE VIDEOGRAPHER: We're off the
record.

(Thereupon, Defendant's Exhibit A,
Elizabeth George's file material, was marked for
purposes of identification.)

(Thereupon, signature was not
waived.)

(Thereupon, the deposition was
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concluded at 9:58 a.m.)
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I, ELIZABETH A. GEORGE, Ph.D., do hereby

certify that the foregoing is a true and accurate

transcription of

my testimony.
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STATE OF OHIO )
COUNTY OF MONTGOMERY ) SS: CERTIFICATE

I, Kathy S. Wysong, a Notary
Public within and for the State of Ohio, duly
commissioned and qualified,

DO HEREBY CERTIFY that the
above-named ELIZABETH A. GEORGE, Ph.D., was by me
first duly sworn to testify the truth, the whole
truth and nothing but the truth.

Said testimony was reduced to
writing by me stenographically in the presence
of the witness and thereafter reduced to
typewriting.

I FURTHER CERTIFY that I am not a
relative or Attorney of either party, in any
manner interested in the event of this action,
nor am I, or the court reporting firm with which
I am affiliated, under a contract as defined in

Civil Rule 28(D).
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IN WITNESS WHEREOF, I have hereunto set
my hand and seal of office at Dayton, Ohio, on

this = day of , 2012.

KATHY S. WYSONG, RPR
NOTARY PUBLIC, STATE OF OHIO

My commission expires 12-1-2013
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EXHIBIT

A

STATE OF NORTH CAROLINA - IN THE GENERAL CO _
' - . SUPERIOR COURT DIVISION
COUNTY OF WAKE : ‘ - 10-CVS-019930
BRIAN CECCARELLI, )
individually and as class representative, _ ;
y AFFIDAVIT OF ELIZABETH GEORGE

Plaintiffs, )
V. )
) )
TOWN OF CARY $
Defendant. )

ELIZABETH GEORGE, being first duly sworn, deposes and says:

- L.

Based on my education, training, and work experience, I have knowledge of the facts

hereinafter stated and am competent to testify as a sworn witness to the matters contained:

herein. Iam over the age of 18 years.

I'received a Ph.D. in Physics in 1993 from the University of Wisconsin — Madison.

I am currently employed by Wittenberg University as an Associate Professor and Chair
of the Physics Department and have been with the university since 1998,

My Curriculum Vitae, including a list of publications, is attached to this Affidavit as |
Exhibit “A.”

Based on my education and fraining in physics, I am qualified to testify regarding the
dilemma zones created by the yellow light duration formula used by traffic engineers,

My conclusions are based on basic principles that I teach in my physics courses.

When a traffic light changes from green to yellow, a vehicle traveling at a given speed -
requires a certain distance to stop safely. If the vehicle is closer to the intersection than
this critical distance, the driver cannot safely stop short of the intersection and has to
continue through the intersection instead of stopping. When the yellow light duration is

too short for a vehicle traveling at this speed to clear the intersection before the light tur_ns-

red, a Type I dilemma zone is created, in which a driver cannot stop safely, but aiso .
cannot get through the intersection before the light turns red without speeding up.

When the yellow light duration is set to the ITE yellow light change interval based on a
design speed lower than the speed limit, Type I dilemuma zones are created for vehicles
traveling between the design speed and the speed limit. Drivers in a dilemma zone do not
have enough room to stop safely, and also do not have enough time to clear the '
intersection before the light turns red without speeding.

The eastbound Cary Towne Blvd. and Convention Drive intersection under the 1991



10.
" interval based on the speed limit for vehicles traveling straight through, a similar Type I

-dilemma zone is created. Drivers in this zone are too close to the intersection to stop

11.

31gnal plan is an intersection with such a dilemma zone. With a yellow light duration of
4.0 seconds and a speed limit of 45 mph, a driver needs to be at least 293 feet from the -
intersection to perceive that the light has turned yellow and stop safely. Drivers cios¢r i
than this distance must continue through the intersection, but at 45 mph a driver can
travel only 264 feet in the 4.0 seconds that the light is yellow. (Standard NCDOT values
for perception time and deceleration rate have been used in this calculation.) Thus, :
drivers traveling at the speed limit between 264 and 293 feet from the intersection at the
instant the light turns yellow can neither stop safely nor reach the intersection at the
speed limit before the light turns red. If drivers are required to completely clear the
intersection before the light turns red, the dilemma zone is even larger.

When the yellow light duration in a tum lane is set to the ITE yellow light change

safely, but because they have to slow down below the speed limit in order to turn safer, '
the yellow light interval is not long enough to allow drivers to clear the intersection while

making a turn bcfore the hght turns red

Such a dilemma zone exists at the northbound Cary Parkway and Kildaire Farms
intersection with the yellow light duration set to 3.0 seconds in the left turn lane. Drivers
approaching at the speed limit of 45 mph who are closer than 293 feet from the - R

- intersection at the instant the light turns yellow cannot stop safely and must continue

through the intersection, but even if they do not need to slow to make the turn they can
travel only 198 ft at the speed limit before the light turns red. Slowing to make the turn
makes the distance that can be traveled in 3.0 seconds even shorter than 198 feet, so there
is a very large dilemma zone for driveis who plan to turn left at this intersection. Even for
drivers who have already slowed to 30 mph when the light turns yellow there is still a
dilemma zone in the region between 132 and.152 feet from the intersection.

This the 15"" day of December 2011, ‘ ZW

EhzefBeth George

STATE OF OHIQ
COUNTY OF rK
Sworn to and subscribed before

?f 15 ay of December, 201 1

Notary, Public

My Commission Expll:cs __Cannle_S._Rnss

Notary Public, State of Ohlo -
My Gmmm Expim 1)2912016



EXHIBIT "PLAINTIFF’S DEPOSTION.
g Ay
11/23/2011; last update 11/22/11
- ~ Elizabeth A. George
- Work: _ o - o , Home:
 Physics Department, Wittenberg University . 1223 N Lowry Ave
PO Box 720, Springfield, OH 45501 _ S .- "~ Springfield, OH 45504
(937)327-7854 - : , . (937)215-2743 (cell) _
- egeorge @wittenberg.edu eageorge @uwalumni.com
Edu-cation:‘ , g

Ph.D. Physics, University of Wisconsin—Madison, 1993
- Minor: Distributed (Mathematics and Computer Science)
Thesis: “A New Determination of the Asymptotic D-state to S-state Ratio of the *H —» n+d Cluster

Wavefunction Using Sub-Coulomb (c_i', t) Reactions™

Thesis advisor: Lynn Knutson o e

- M.S. (Radiology [Medical Physics]) University of Colorado, 1986 :
Thesis: “Application of Fractal Geometry to the Evaluation of Lung Airway Morphology and
Anatomy” - _

B.S. Physics, University of Arizona, 1983 (With Highest Distinction)
' Minor: Mathematics ,

Professional experience; - ‘ '
time), Wittenberg University

2010- . Interim Assistant Provost (part-
. 2003 Chair, Physics Department, Wittenberg University
2002- Associate Professor, Wiitenberg University

1998-2002  Assistant Professor, Wilttenberg University

- 1995-8 . Assistant Professor, University of Wisconsin—Whitewater

1993-5 Visiting Assistant Professor, Richard Stockton College of New J. ersey

1987-93 Research Assistant, University of Wisconsin—Madison (Physics)

1986-7 Teaching Assistant, University of Wisconsin—Madison (Physics)

19824 (summers) Undergraduate Research Assistant, University of Missouri Research Reactor

Professional affiliations, offices held:
* American Physical Society
Secretary, Ohio-Region Section 2004-10
¢  American Association of Physics Teachers . -
Executive Committee, Southern Ohio Section, 2000-
* Project Kaleidoscope Faculty for the 21st Century, class of 1997
® Advanced Lab Physics Association (ALPhA) :
Board member, 2011- . .

Academic honors and awards:

* Finalist, Sigma Xi Graduate Research Award, University of Wisconsin, 1993
¢  Phi Beta Kappa, elected 1982 (Alpha of Arizona)

. Outstanding Student, Faculty of Sciences, University of Arizona, 1983

Peer-reviewed publications: - N :
“A superconducting beta spectrometer,” L.D. Knutson, G.W. Severin, S.L. Cotter, L. Zhan, P.A. Voyias, -

and E.A. George, Rev. Sci, Instrum. 82, 073302 (2011)




“The haif—life of ¥Ga,” G.W. Severin, L.D. Knutson, P.A. Voytas, and E.A. George, Phys. Rev. C 82,
067301 (2010) :

“Scattering lengths for p—jHe elastic scattering from an effective-range phase shift analysis,” E.A. George
and L.D. Knutson, Phys. Rev. C 67, 027001 (2003) .

“The Ay problem for p-3He_eIastic scattering,” M. Viviani, A, Kievsky, S. Rosati, E.A. George, and L.D.
Knutson, Phys. Rev. Lett. 86, 3739 (2001) - ,
“Determination of the °Li — & + d D- to S-state ratio by a restricted phase-shift analysis,” E.A. George and
L.D. Knutson, Phys. Rev. C 59, 598 (1999)

“Cross section and analyzing powers for °Li-‘He elastic scattering at 5.5 and 19.6 MeV,” E.A. George, D.D.
Pun Casavant, and L.D. Knutson, Phys. Rev. C 56, 270 (1997)

“Measurement of the longitudinal analyzing power for noncoplanar p-d breakup,” E.A. George, J. Frandy,

M.K. Smith, Y. Zhou, L.D. Knutson, J, Golak, H. Witata, W. Glickle, and D. Hiiber, Phys. Rev. C 54, 1523 -

(1996)

“New deternﬁnation of the asymptotic D-sta;e to S-state ratio of the triton using (c? ,t) reactions at sub-
Coulomb energies,” E. A. George and L.D. Knutson, Phys. Rev. C 48, 688 (1993)

“Neutron interferometric search for quaternions in quantum mechanics,” H. Kaiser, E.A. George, and S.A.

Werner, Phys. Rev. A 29, 2276 (1984)

“Direct measurement of the longitudinal coherence length of a thermal neutron beam,” H. Kaiser, S.A.
Werner, and E.A. George, Phys. Rev. Lett. 50, 560 (1983)

b) Peer-reviewed and invited publications in conference proceedings:
“Observing students' use of computer-based tools during collision experiments,” Elizabeth A. George, Maan
I. Broadstock, and Jesiis Vizquez-Abad, Proceedings of the 2001 Physics Education Research Conference,

Rochester, NY, July 2001

“Learning energy, momentum, and conservation concepts with computer support in an undergraduate
physics laboratory,” Elizabeth A. George, Maan Jiang Broadstock, and Jests Vézquez Abad, International

Conference of the Learning Sc;iences, Ann Arbor, M1, June 2000

Selected Conference Presentations (* denotes undergraduate student): - ' ‘
“Investigation of Light-Induced Atom Desorption,” Timothy Uher*, Pan] Voytas, and Elizabeth George, _
Ohio-Region Section APS meeting, Flint, MI, April 2010 o

“Upper-level lab sequence at Wittenberg University: paths to student independence,” Elizabeth George, Paul
Voytas, and Jeremiah Williams, Topical Conference on Advanced Laboratories, Ann Arbor, MI, July 2009

(peer-reviewed)

“Determining the half-life of “’K from the activity of salt substitute,” Elizabeth George and Paul Voytas,
Topical Conference on Advanced Laboratories, Ann Arbor, ML, J uly 2009 (peer-reviewed)

“Investigating Tangential Acceleration in the Laboratory with a Rotation Wheel,” Elizabeth George and
Panl Voytas, Summer AAPT meeting, Ann Arbor, MI, J uly 2009

“Buck Creek River Flow Analysis,” Yasas Dhanapala*, Elizabeth George, and John Ritter, Ohio-Region
Section APS meeting, Ada, OH, April 2009 :



“Achieving Nanosecond Timing with the Vernier Method,” Rebecca Cooper*, Elizabeth George, Paul
Voytas, Ohio-Region Section APS meeting, Ada, OH, April 2009

Gregory Severin, Lynn Knutson, Elizabeth

“Calibration of a superconducting beta spectrometer using Ga,”
ics meeting, Oakland, CA, October 2008

George, Paul Voytas, Sean Cotter, APS Division of Nuclear Phys

g Ratio in the Beta Decay of Oxygen-14,” Matthew Kowalski*, Elizabeth

“Recent Results on the Branchin,
hio-Region Section APS meeting,

George, Paul Voytas, Lynn Knutson, Gregory Severin, Sean Cotter, O
Miami University, Oxford, OH, October 2007

“Modeling a new superconducting beta spectrometer for a CVC test in O beta decay,™P.A. Voytas, EA
George, L.D. Knutson, and S.L. Cotter, APS Division of Nuclear Physics meeting, Chicago, IL, October

2004

“Design and Calibration of a Superconducting Beta Spectrometer,”
and P.A. Voytas, APS Division of Nuclear Physics meeting, Chicago, IL, October 2004

- “Properties of Biological Media Determined from Polarization Pr
Locke*, Ohio Section APS meeting, Athens, OH, April 2004

“Studying the Motion of Rising Bubbles with Video Capture,” E.A. George, Ryan Greer*, P.A. Voytas,
Summer AAPT meeting, Madison, WI, August 2003

“Adapting RealTime Physics,” Elizabeth A. George, Daniel A. Fleisch, Paul A. Voytas, William E.
Dollhopf, Ohio Section APS/Southern Ohio Section AAPT Yoint Meeting, Columbus, OH, October 2001

“Observing students' use of computer-based tools during collision experiments,” Elizabeth A. George, Maan
J. Broadstock, and Jestis Vizquez-Abad, Summer AAPT meeting, Rochester, N, July 2001 (invited taik)

principles in a computer-

“Student understanding of momentum, mechanical energy, and conservation
A, George, and Maan J.

supported undergraduate physics laboratory,” Jesiis Vazquez-Abad, Elizabeth
Broadstock, AERA annual meeting, Seattle, WA, April 2001 (peer-reviewed)

“Learning momentum and energy conservation principles with computer support in an undergraduate
physics laboratory,” Maan J. Broadstock, Elizabeth A. George, and Jests Vdzquez-Abad, NARST annual

meeting, St. Louis, MO, March 2001 (peer-reviewed)

“Learning morhentum and energy conservation in a computer-based laboratory,” Elizabeth A. George, Maan
J. Broadstock, and Jestis Vizquez-Abad, NSTA annual meeting, St. Louis, MO, March 2001 (peer-

reviewed)

“Student learning in motion detector- and video-based collision laboratories,” Elizabeth A. George, Maan J.
Broadstock, and Jesiis Vizquez-Abad, Summer AAPT meeting, Guelph, Ontario, August 2000

Yy conservation principles with motion detectors and video,” Elizabeth A,

“Learning momentum and energ
g Broadstock, and Jestis Vizquez-Abad, Winter AAPT meeting,

George, Theresa Conway*, Maan Jian
Kissimmee, FL, January 2000

“Four Strategies for Exploiting Computers in a Science Core Course,” D. Waechter-Brulla, E. Drexler, L.
Urven, F. Luther, R, Helwig, E. George, and J. Bak, 162nd National Meeting of the AAAS, Washington,

- DC, Jan. 1996 (peer-reviewed)

S.L Cotter, L.D. Knutson, E.A. George,

operties of Backscattered Light,” Landon



Other presentations: : o
“Nuclear beta decay and the weak interaction,”

5, 2006

Wright State Um'véfsity Physics Depértment seminar, May

“Phase shift analyses and scatterin

: g lengths for p-"He,” semin'ar_at Institute for Nuclear and Particle Physics,
Ohio University, January 27, 2004 : o

“Using spinnin;-:;,r nucleons to investigate the strong force,” Physics Department seminar at Denison _

University, Jan, 31, 2002 '

Grant proposals funded: ' .
-energetic neutron facility for

Co-principal investigator (lead investigator: Paul Voytas) for “A mono
investigating radiation damage to Si and SiC devices,” submitted to Analex, a support service contractor to
NASA Glenn Research Center, funded August 2004-September 2005 ' -

Principal investigator for “COmpu.ter-aided active eng 'gément learning in an introductory physics sequence
for science majors,” National Science Foundation, Division of Undergraduate Education, CCLI-A&]
_program, funded 2000-2003 (co-principal investigators: W.E. Dolihopf, P.A. Voytas) - '

Principal investigator for “Effects of instructional technologies on student learning in the undergraduate
physics laboratory,” National Science Foundation, Division of Research, Evaluation and Communication,
REPP program, funded 1998-2001 (co-principal investigator; Jesis Vizquez-Abad, Université de Montréal)

Courses taught at Wittenberg: _ :
gh Experimentation; Chaos and Fractals (first-year seminar);

General education courses: Physics Throu
Patterns in Nature (first-year seminar)

Honors course: Chaos and Fractals (team-taught) _
Introductory physics courses: Mechanics and Waves; Topics in Contemporary Physics (al gebra-based

course); Thermodynamics and Optics; Intermediate Physics Lab; Special Relativity and Applications;
Modern Physics ,

Upper-level physics courses: Wave Phenomena; Electronics;
Physics; Junior/Senior Seminar

Community and professional service contributions:

* Reviewer, American Journal of Physics (2005-)

Reviewer, Europhysics Letters (2011-)

Reviewer for nine chapters of third edition of Knight, Physics for Scientists and Engineers, 2010

Reviewer, U.S. Civilian Research and Development Foundation 2005 Cooperative Grants Program

National Science Foundation review panels: Division of Research, Evaluation and Communicatiori

CAREER program, October 1999; Information Technology Research program, February 2001;

Assessing Student Achievement program, July 2001 and January 2002

* Steering Committee, 2009 and 2012 Advanced Labs Topical Conferences, American Association of
Physics Teachers ' ,

® Member of Audit Panel for K-12 science education review, Oakwood School District, 2010-11

* Coordinated and led physics activities for Girl Scout Science Night at Wittenberg, 2001-4, 2007-9

¢ Helped organize SOS/AAPT meeting at Wittenberg, March 2002

University committees and task forces;

* Diversity Advisory Committée, 201 1-
Strategic Planning Implementation Task Group A, 2008-10

[ ]
* Provost’s Advisory Committee, 2009-10 .
® Hearing Board on Academic Freedom and Tenure, 2002-5; 2008- (Chair, 2003-2005, 2009-11)

Digital Electronics; Nuclear Physics; Particle



® o o »

Faculty Exec_utivé Board, Fall 2007 (sabbatical replacement)
Curricnlum Review Committee, 2006-7

- Task group on.the Mission Statement, 2004-6

Strategic Planning task groups on Attracting High-Performing Students and on Promoting Student
Excellence, Persistence and Success, 2003-4 .
Committee on Admissions/Financial Aid, 2001-3"

Facilities and Environment Committee, 2001-3 (Chair, 2002-3)

¢ Library Policies Committee, 1999-2001 (Chair, Spring 2000)

Other contributions to the University:

»
[ ]

- Faculty Retreat planning group and co-presenter of session on

Chief Information Officer search committee, 2009 . 7
Panelist/ co-presenter for the following Wittenberg Faculty Development events: “Keystoa
successful sabbatical,” 2007; “The arc of a teaching career,” 2009; “Radical pedagogies,” 2010:

" “How Do We Respond? A Collection of Response Strategies for Papers and Oral Presentations,”

2010; “3 principles and 9 strategies for the bimodal classroom,” 2011

2008; co-organizer of session on “Faculty Workload,” 2011 ,
Academic advising: Advised four groups of 6-18 first-year students; currently major advisor for 10

students - )

Responsibilities as Ihteriin Assistant Provosf (2010-11)

Led faculty groups developing new Environmental Science major and investigating the feasibility of
an Environmental Sustainability major : ‘
Supervised International Education office

Responsible for departmental non-staffing budget requests

Provost’s office liaison for grant administration; Grant administrator (Fall 2011)

Interim Director for Computational Science minor program

. Ex-officio member of Facilities and Environment Committee

“Research-based teaching strategies,”
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_Application of the ITE Change and Clearance
~Interval Formulas in North Caroling

BY STEVEN M. CLICK, PH.D., P.E.

20

PURING 2005, THE NORTH
CAROLINA SECTION OF ITE
CONVENED A TASK FORCE

TO INVESTIGATE AND
RECOMMEND A PRACTICE
FOR DETERMINING YELLOW
CHANGE AND RED CLEARANCE
INTERVALS. THIS FEATURE
BRIEFLY SUMMARIZES

KEY DELIBERATIONS AND
DECISIONS OF THAT TASK
FORCE. THE METHODOLOGY AS
IMPLEMENTED BY THE NORTH
CAROLINA DEPARTMENT OF
TRANSPORTATION ALSO IS
PRESENTED ALONG WITH
SAMPLE YELLOW AND RED
TIMES RESULTING FROM ITS

APPLICATION.

INTRODUCTION

In December 2004, in response to a
formal request by the North Carolina De-
partment of Transportation (NCDOT),
the Traffic Engineering Council of the
North Carolina Section of the Institute
of Transportation Engineers (NCSITE)
announced a task force to investigate and
recommend a praciice for determining yel-
low change and red clearance intervals at
signalized intersections in North Carolina.
The purposes of this feature are to briefly
summatize key deliberations of that task
force and present the resulting methodol-
ogy as implemented by NCDOT.

BACKGROUND

One issue in determining appropriate
yellow and red intervals is that, despite the
existence of several well-recopnized guidance
documents, there is no national standard.
The Mannal on Uniform Traffic Control De-
vices (MUTCD), which typically provides
prescriptions for device operation, does not
stipulate the manner in which yellow or
red intervals should be determined. It does,
however, require the use of a yellow interval;
require that the duration of the yellow and
red intervals be predetermined; and suggest
durations of 3 10 6 seconds for yellow and,
at most, 6 seconds for red.!

Calculation methods are available in
the Traffic Engineering Handbook and other
sources.® A recent survey by ITE suggests
that, by far, the most common method in
use today is based on what is termed the

Y= yellow chge interval (seconds [sec.])
R = red clearance interval (sec.)

¢ = perception-reaction time (sec.)

v = design velocity (feet/sec.)

a = deceleration rate (feet/sec.?)

G = acceleration due to gravity

(32.2 feet/sec.?)

o
B
g
2
-] :
a

£ = grade in decimal form
(1 percent = 0.01)
w = clearance distance (feet)

[ = vehicle length (feet)

In discussion of the yellow and red in-
tervals, the Traffic Engineering Handbook
goes on to suggest a typical application of
the first two terms to determine the yellow
and the last term to determine the red.

The ITE formula has been published,
with timely revisions, since the first edi-
tion of the Traffic Engineering Handbook
in 1941. Beginning in 1965, the formula
appeared in its present form, although
without the effect of grade. In this same
year, ITE suggested the use of a red interval
under certain conditions, The inclusion
of the effect of grade on the yellow and
red intervals appeared in 1982. In all, the
formula has been updated cight times since
1941. Sdll, the Traffic Engineering Hand-
book has not accrued any legal status.

Alihough the NCDOT documentation
covers only the more recent practices for
calculation of yellow and red, it gives clear
evidence of its desire to provide both safe and
efficient operation. One source, from Febru-
ary 1990, summarizes a meeting NCDOT
hosted to discuss change and clearance in-
tervals, involve traffic engineers from across
the state and examine current practice. At
the time of the meeting, NCDOT and most
othet state agencies were using the ITE for-
mula as the foundation of their practice.®

More recently, NCDXOT has worked to
improve signal design consistency through
publication of the Traffic Management
and Signal Systems Unit Design Manual?
The purpose of the manual is to highlight
standards of practice in signal design and
operation. Although all the design manual
editions have required the use of the ITE
formula, specific division of the resulting
total clearance into yellow and red times
has not been consistent over the last 15
years and has been, at varying levels, left
to the discretion of the design engineer.
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The result is inconsistent yellow and red
timing throughout the stare.

The resulting inconsistencies, differing
preferences among designers and a general
consensus among NCDOT design and
field personnel that these intervals are
becoming too long all were factors in the
decision to request a recommendation

from NCSITE.

THE NCSITE TASK FORCE

It December 2004, a call went out for
volunteers for the NCSITE Task Force.
The NCSITE mailing list offered a rep-
resentative pool of traffic engineering
professionals from all over North Caro-
lina, with a wide cross-section of refevant
experience and knowledge. The resulting
volunteer membership included:

* municipal engineers: 11

» consulring engineers:10

* NCDOT engineers—central office: 7

» NCDOT engineers—field forces: 2

* non-profit organizations: 1

* research organizations: 1

« students: 1

The full NCSITE Task Force met 2 to-
tal of four times between January and June
2005 and divided into subcommittees o
help meet the prescribed G-month dead-
line, During the first task force meeting,
a discussion and brainstorming session
provided a list of issues to be addressed.
Subcommittees held teleconferences and
in-person meetings to discuss their topics
and conducted data collection and reduc-
tion efforts in support of their tasks.

Issues Addressed by the Task Force

For purposes of organization, the issues
tackled by the task force are presented in the
sequence that they would be encountered
using the methodology, beginning with text
from the written recommendation and end-
ing with sumnmaries of key issues.

The ITE formula for the calculation
of the tatal change plus clearance interval
should be the basis for NCDOT praciice.
Both NCDOT's long history and the re-
cent ITE surveys suggested the ITE for-
mula was the logical starting point for use
in the methodology.

Calculation of the yellow change and all-
red clearance intervals should not vary based
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RECENTLY, NCDOT HAS

on the presence or absence of enforcement de-
vices. At this time, NCDOT does not oper-
ate or intend to operate automated enforce-
ment devices {such 25 red-light cameras);
however, individual municipalities can pe-
tition the state lepislature for the authority
to install such devices, The recommended
practice should result in safe and efficient
intervals, independent of enforcement.

The NCSITE Task Force also discussed
the option of including a grace period at
automated enforcement locations, but
it decided to leave such choices to the
operating agency. NCDOT does recom-
mend a break-in period to allow drivers to
become accustomed to any changes made
as a result of the new practice.

Separate practices should not exist for
different regions of the state, unique vehicle
streams (such as a high percentage of heavy ve-
hicles), or lefi-turning vehicles versus through
vehicles. Because one of the primary moti-
vations for the task force was consistency,
there was little discussion of this issue.
The recommended practice should resulc
in safe and efficient intervals, independent
of region, stream, or movement.

Calculation of the yellow change interval
should be performed using the first two terms
of the ITE formula, with the result rounded
up to the next 0.1 sec.

Y= (2)

+—u—
2a +2Gg

The yellow and red intervals serve dif-
ferent funcrions; therefore, the calcula-

tion should be made a5 independently as
possible. In past practices, time might be
shifted from the red to yellow, but not in
the new practice. Independent calculations
are needed o help prevent excessive yellow
time from contributing to disrespect of the
yellow change interval.

The 2001 constants from the American
Association of State Highway and Transpor-
tation Officials (AASHTO) for deceleration
(11.2 feetfsec?} and perceptionfreaction time
(1.5 sec) are suund. The longer percep-
tion/reaction time responds both o the
aging driver population and to the increas-
ing number of distractions in the driving
environment. At higher speeds, the higher
deceleration rate does help offset the ad-
ditional perception/reaction time.

The NCSITE Task Force also looked into
the performance characteristics of trucks.
Although no specific information could be
found related to “comfortable” stops, AAS-
HTO constants were within the expected
performance capabilities of trucks.

The effect of positive grade should be
Jactored into the yellow calendation. In past
practice, NCDOT included the detrimen-
tal effects of negative grades but ignored
the beneficial impacts of positive grades,
None of the ITE publications suggests
that positive grades should be ignored in
calculations, and the Federal Highway
Administration’s Signalized Intersections:
Informational Guide clearly indicates thac
positive grades can be used.?

The minimum value for yellow should
be 3.0 sec. Not only does MUTCD rec-
ommend this minimum value, it also
is required by the National Electrical
Manufacturers Association Standards
Publication.? Note that when the cal-
culared yellow is less than 3.0 sec., the
time difference is not shifted from red: In
other words, the yellow increases withour
a change in the red.

Current praciice in the Signals and Geo-
metrics Section for selection of vehicle speeds,
v was reviewed and retained in this ap-
plication. Fot through movements, cur-
rent practice uses the posted speed limit as
the design speed unless a speed study has
been specifically performed. When pro-
vided, the design speed will be taken as the
85th-percentile speed, up to a maximum
of 10 mph above the posted limit. Because
NCDOT does not signalize facilities with
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Sita | LeftTurn | Single or | Collaction | Sample l_ Speed
Angle Dual Method® Slze Min | 15% | Avg [ 5Dev] 85% [ Max
1 125 Dual Al 39 14 15.0 1B.9 3.4 21.3 30
2 110 Single All 40 11 12.0 15.6 2.7 18.0 24
3 120 Single All 71 12 18.0 1B.4 2.9 21.0 26
4 110 Single Sample 120 14 16.0 184 21 20.0 23
5 108 Single Sample 128 g 11.0 136 2.2 16.0 20
5 100 Bual End Car 80 14 17.0 9.0 1.8 21.0 23
7 70 Dual End Car 60 10 13.¢ 148 1.5 18.0 20
8 115 Bual Eng Car 80 13 16.¢ 18.7 2.3 21.0 26
] 130 Dual End Car 156 14 170 19.3 2.3 220 25
10 a5 Single £nd Car 160 i2 164 17.2 2.0 16,0 23
" 90 Dual End Car B0 13 16.0 17.4 1.8 18.2 21
ALL | - [ - | - [ 468 | 9 [ 140 [ 171 ] 29 | 200 | 30

* Collection Methods:
All = Speed recorded for all vehicles making the left turn
Sample = Speed recorded for an initial vehicle, a mid-queue vehicle, and an end-of-green vehicle
End Car = Speed recerded for the last vehicle using the phase each cycle

Figure 1. Left-turn speed data,

w4/

w

I

Figure 2. Eifect of removing “I” from red calcwlations.

speed limits greater than 55 mph, the high-
est allowable design speed is 65 mph.

For left-turn movements, past editions
of the Traffic Management and Signal
Systems Unit Design Manual suggested
a speed between 20 and 30 mph, with
20 mph the almost universal selection.
Many expressed concern that 20 mph
was overly conservative and led to exces-
sive red intervals, so a field investigation
was conducted. Unexpectedly, the study
results, shown in Figure 1, indicated typi-
cal speeds slightly lower than 20 mph but
not low enough for the task force to justify
changing current practice.

Caleulation of the all-red clearance in-
terval should be based on the third term of
the ITE formula, but with the following
modification: The vehicle length should be
removed from the all-ved formula, and the
result rounded up to the next 0.1 sec.

R=Y 3)
@

Unlike MUTCD, which does not re-
quire the use of a red interval, the North
Carolina Supplement to the MUTCD
does.!® As noted above, NCDOT design
and field personnel shared the belief that
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reds were becoming too long, and NC-
SITE Task Force discussions showed this
sentiment was shared by both municipal
and consulting engineers within the state.

The culprits: increasing intersection
widths and the need to provide protected
phases for left turns. The causes: increasing
corner curve radii standards; the separa-
tion of crosswalks with two handicapped
ramps on each corner; and increasing facil-
ity size in terms of number of lanes. To be
clear, neither accident nor ticketing issues
had developed to draw public attention
to the problem; however, the task force
members wished to correct any problems
before such statistics evolved.

As medifted, the red interval serves to
carry the fronc bumper of a last-instant egal
intersection entry to the far edge of the con-
flict zone. Originally, any vehicle equal to or
shorter than the assumed length would be
carried past the conflict zone. The resulting
difference is shown in Figure 2.

The obvious advantage to removing
the assumed vehicle length is a reduction
in the red interval. Past NCDOT practice
used 20 feet as the assumed vehicle length.
Removing this results in a 0.7-sec. reduc-
tion at 20 mph; 0.4-sec. at 35 mph; and
0.2 sec. at 55 mph.

Despite this anticipated reduction, the
formula still allows the red to increase
without bound. Left-turn clearance dis-
tances of 200 ft. currently exist, resulting
in red intervals of 6.9 sec., much longer
than acceprable to the task force.

If the initial calculation resulrs in an
all-red clearance interval greater than 3.0
sec., the all-ved clearance interval should be

recalculated as follows:
R=1(ﬂ—3]+3 (4)
2\ v

Discussion of reducing excessive red
times consumed a large portion of the NC-
SITE Task Force effort. The recommended
method was determined to best balance
competing concerns related to overly short
and overly long red times. The result of this
mitigation was that all of the first 3 sec.
calculated for the red interval are used, but
only half of the portion above that. So, if
the initial calculation resulted in 4.0 sec. of
red, the mitigation will reduce it to 3.5 sec.
As with the other calculations, the result is
rounded up to the next tenth.

The only other method receiving seri-
ous consideration was the reduction of red
time based on expected time to conflict
point, Although a preliminary field study
looked positive, investigation of current
licerature, noeably Muller et al., provided
only minimal adjustments.!! Faced with
minimal benefits and questions about
proper application, the task force discon-
tinued its investigation into this option.

The clearance distance should be measured
to the far side of an exclusive right-turn lane.

* Ine the presence of a crossualk with pedes-

trian signals, the clearance distance should
be taken to the near side of the crosswalk

* A crosswalk without pedestrian signals

should not be considered when deter-
mining clearance distance.

These recommendations did not rep-
resent a change from past practice. This
includes clearance distance measurements
using the “straight line” method rather
than 2 vehicle turning arc. A preliminary
comparison of the straight line method to
an outside wheel arc method resulted in an
average difference of +2.2 feet, only +0.07
sec. at 20 mph. The task force agreed to
continue using the straight-line method.
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Past practice left consideration of cross-
walks to the discretion of the design engi-
* neer. The task force felt it was important to

always consider crosswalks with pedestrian
signals when determining clearance dis-
tance. The decision to not consider cross-
walks without signals was based on two
factors: unsignalized crosswalks typically
have insignificant pedestrian volume; and
unsignalized crossings provide no guidance,
so pedestrians cannot be expected to cross
during any particular interval, reducing the
probability of providing protection.

The Traffic Management and Signal
Systems Unit Design Manual gives spe-
cific guidance for calculating clearance
distances, shown in Figure 3.

The minimum value for all-red clearance
intervals should be 1.0 sec. Prior practice
suggested at least 1.0 sec., so this was not
a significant change.

The proposed implementation of a yel-
low change interval longer than 6.0 sec. or
a red clearance interval longer than 4.0 sec.
is cause for a “stakeholder discussion” to pro-
vide advance notification and involvement
to stakeholders and provide an opportunity
to consider possible countermeasures.

Field personnel should be involved
in developing and applying the pracrice.
Stakeholder discussions help ensure these
personnel are not surprised by new instal-
lation of long intervals.

Although countermeasures for reduc-
ing cthe yellow are difficult, typically in-
volving the reduction in grade over the
stopping distance or making geometric
and enforcement changes to reduce travel
speed, identification of excessive yellow at
an intersection can provide an opportu-
nity for present or future mitigation.

The opportunity for reducing the red
is more likely, with lower cost solutions
such as reduced median widths, positive
offset left turns and channelized right-
turn lanes.

For a ‘Shared clearance” phase (when a phase
serves multiple movements needing different yel-
low change and all-red clearance intervals), the

following procedure showld be applied:

o Caleulate each movement’s change plus
clearance intervals as if it had a dedi-
cated phase.

o Use the largest yellow value; then subtract
this yellow value from the largest total
change plus clearance to determine red.
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Rourd distances up o the
agargst & (1m) incremant
usless distonce is very long

When peoesteian sigesls /

are present, ciear to the
near side af the crosswalk

Heed Lo ciear righ
tora (LT signalized)

fcund ¢istances up to the
nearest 5 (tm} increment
untess distance iy very long

d
when pedestrian signals —/

are preserl, clear 1o the
near slde of the crosswalk

Figure 3. Meusuring dearance distances.

Although this is not a change from
past NCDOT practice, this confirms that
mitigation of excessive red clearance in-
tervals will take place for each movement
before the shared change plus clearance
is determined.

The Task Force considered but rejected
both the use of the longest yellow change
with the longest red clearance interval and
the use of the yellow change and red clear-
ance interval associated with the longest
total clearance. The former option was re-
jected because it was incompatible with the
goal of reducing interval length; the latter

was rejected to ensure that every movement
received sufficient yellow change time.

CONCLUSION

After receipt of the NCSITE Task Force
recommendations, Greg A. Fuller, PE.,
of the Intelligent Transportation Systems
and Signals Unit of NCDOT, officially
adopted the revised methodology, and the
Traffic Management and Signal Systems Unit
Design Manual was revised accordingly.
The resulting methodology is presented in
full in Figure 4, and a sample set of yellow
and red intervals is presented in Figure 5.
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Determination of Yellow Change
and Red Clearance Intervals

Yellow Change Interval

Yellow interval =t + -2?-:%.—49

1 = percepticn reaction iime, typieally 1.5 setonds
v = design cpasgt, in Ttls

4 = daceleration rate, typfcally 11.2 Ftfs;

g = grade

found up to nearast 0.1 second.

Ninimum yellow change interval ie 3.0 seoonds.

Hold stakeholder discussion® when calculated
yellow changa laterval Ls Ionger than 8.0 seconds.

Red Clearance Interval

w » width of intersectlon, in feet

"
Red Lpterval = . dusitn spacd=, in ftin

1f the initiel caliulation results in an all red tioe
longer then 3.0 seconds, racaleulste the red ties a2z
followst

Recatculated re¢ interval « '2,-[%-3}*'3
found wp to nearsst 0.1 secoms.
uinimun Ted clearance interval 13 1.0 seconds.

Eold stakeholder diseussion'® when recaleulated rod
¢learanca intecval i3 longer thar 4.0 #eCoRgs.

Notes
«Dbeaign speed is tha spesd ILmit urlees = spacd dtudy deTermLnes
that the BSth parcentila speed is testar or interascticn
gearetrics compel vehiclas to traverss the intersection slower.

*+Tha purpose of & stakehoiter discussion iz to provide advance
notification end iqvolvement to stakeholders and provide an
opportunity to considar gossible countermeasures.

For most 1sft turn Ifnes, assume 2 spesd of 20 mph (32 kph) to
30 mph (48 kph). For leocations with unusual conditions a higher
or lower epeed may be appropriate.

For separate left turn phases, caleulate yellow and red
Aintervals.

Fos left turns without a seperate phase, calculate yellow and
red times for both the through movement and the left turn
govement. Use the highest yellow and anough red to equal the
highest totol time.

where existing times are highar than celoulated tibes, use the
¢aiculatod values unlaes thers 16 3 documpnied history of the
avad for highar tines. If approach is high speed and existing
tines are significantly bigher than the colculated tines, use
the calcvlated values but conaidor adding a note to the plan
10 dirsct field forces to reduce the tige incrementally.
Include in tha note how much and how often to reduce time until
tha final velue im reached. (Ex. Exiating Yellow Change Interval
For phase 2 nay s gecreased by (0.2 asconds per week until tha
required value is ceachen.}

¥nera cevising m location or adding m new signal &long a

cocridor, ¢on3ider comparing clearance times at adjacent
intersections to new celculations to eedt driver expectations.

Soureesd
Jraffic Engineering Handbook, Fifth Editien, Institute
of Transportatica Enginears, 1086.

A Policy on Geosetric Design of Hiphwaye ang Strests,
Fourth Edition, Amerfoan Asstoiction i State Highway

and Trengportatien Officials, 2001,

Change and Clearonce Intervals Tl
SIGNALS & GEOMETRICS SECTION 5.2.2
7-05 A e DA WCAr S TRANSPORTATION et < oF <
Figure 4. The revised methodology, as adopted.
Speed Grade
mph fps -6% -3% 0% 3% 6%
20 29.3 3.1 3.0 2.9* 2.8 2.7
25 36.7 3.5 3.3 3.2 3.1 2.9%
30 44.0 3.9 3.7 3.5 3.4 3.2
35 51.3 4.3 4.1 3.8 3.7 3.5
45 66,0 5.1 4.8 4.5 4.3 4.1
55 80.7 5.9 5.5 5.2 4.9 4.6
65 | 953 || 67+ | 62+ | 58 | 55 | 52
* Less than 3.0 second minimum, increase yellow time to 3.0
+ Greater than 6.0 sec threshold, requires stakeholder meeting prior to approval
Speed Clearance Distance (feet)
mph fps 50 75 1G9 125 150 175 200
20 29.3 1.8 2.6 3.3 3.7 4.1+ 4.5+ 5.0+
25 36.7 1.4 2.1 2.8 3.3 3.6 3.9 4.3+
30 44.0 1.2 1.8 2.3 2.9 3.3 3.5 3.8
35 51.3 1.0 1.5 2.0 25 3.0 3.3 35
45 66.0 0.8" 1.2 1.6 1.9 23 2.7 31
55 80.7 0.7% 1.0 1.3 1.6 1.8 2.2 2.5
#5_| 953 | [ 06 | 08 | 11 | 14 | 16 [ 19 | 21
Shaded cells indicate mitigated red intervals
. Less than 1.0 second minimum, increase all red time to 1.0
+ Greater than 4.0 sec threshold, reguires stakeholder meeting prier to approval

Figure 5. Sumple yellow and red intervals,

With the adoption of this practice, NC-
DOT has established a consistent method for
calculating yellow and red intervals that will
provide safe and efficient operation. Because
of the prohibitive cost associated with an im-
mediate statewide change, the new practice
will be used for new signals and phased into
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existing signals as they require other revisions,
with a review of closely spaced signals to help

promote the desired consisiency.
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a head starc or the pedestrians can be held until the initial queue of vehicles has been served. However, such controller
phasing may have a detrimental effect on vehicle flow and, if part of a system, on system capaciy,

The goals of traffic safety and traffic capacity must be balanced when determining controller phasing for an intersection. The
following section describes the various components of controller phasing. More in-depth discussion can be found in

the Manual of Traffic Signal Design and Signalized Intersections: Informational Guide V5

Green Interval, Ideally, the length of the green display on each approach to an intersection will be sufficient—but
not excessive—to serve all the vehicles and pedestrians queued during the red interval. Several PC-based computer

programs are available to assist in determining the green interval timing.

For semi- or fully-actuated controllers, 2 minimum and maximum amount of green time must be determined and
allocated for each phase and programmed into the controfler. These values are derived from the analysis results of the

timing software or other method of analysis used by the designer.

the length of the green display is based on engineering judgment. Traffic and pedes-

For pre-timed signal controllers,
of time are often used in determining the signal timing.

trian counts for a specific period

Yellow Change Interval, The purpose of the yellow change interval, which is required to be the first interval following
every circular green or green arrow indication, is to warn approaching traffic of the termination of the related green

interval or that a red signal indication will follow (see “Vehicle Detecror Placement™).

MUTCD states that yellow change intervals should have duration of 3 to 6 sec. 5 To determine the appropriate yellow
time for the approach, this should be calculated using the Kinematic Model—Formula 1 found in ITE}s Determining

Vehicle Signal Change and Clearance Intervals:”
Y=t + [v/(2a+2Gg)]

where:

Y = yellow clearance interval (sec)

t = reaction time (typically 1 sec.)

v = design speed (ft./sec.)

a = deceleration rate (typically 10 fr.fsec.?)

g = acceleration due to gravity (32.2 f/sec,?)

G = grade of approach (percent/100, downhill is negative grade)

The equation shown above includes a reaction time, a decelerarion element and an intersection clearing time. In view
of the operational history of the yellow change incerval and the assumptions used in the formula, applying the formula

requires the exercise of engineering judgment.

Becausc a long yellow change interval may encourage drivers 10 use it as a part of the green interval, maximum care
should be used when exceeding 5 sec. If the interval is too short, rear-end crashes may result, When the calculation
for yellow change interval time indicates a time longer than 5 sec., a red clearance interval typically provides the ad-

ditional time,

“As can be seen ﬁ:om the formula above, slower speeds result in higher values of )/rgl\f;: clearance time, When calcufat-
ing the needed time, consideration should be given to the values for the 15th-percentile speed, particularly at wider

intersections.
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" Red Clearance Interval. The red clearance interval is an optional interval that follows a yellow change interval and precedes
the next conflicting green interval, The red clearance interval is used to provide additional time following the yellow change

interval before conflicting traffic is released.

MUTCD states thar the red clearance interval should not exceed 6 scc.” The appropriate red time for the approach should
" be calculated using the following formula found in ITE's Dezermining Vehicle Signal Change and Clearance Intervals™

R = (w+L)/v

where
R = all red interval (sec.)

w = width of stop line to far side no-conflict point (ft.)

v = design speed (ft./sec.)
L = length of vchidle (typically 20 ft.)

For exclusive un movements, the value of w should be measured along the vehicle turn path from the stop line to the no-
conflict point,

The decision to use a red clearance interval is determined by intersection geometrics, crash experience,
approach speeds, local practices and engineering judgment.

6. Left Turns
Three operational modes are available when provisions for left turns are made in the phasing of a traffic control signal:

pedestrian activity,

1. Permissive {permitted) mode only—in which drivers may nurn left after yielding to conflicting traffic or pedes-
trians during the circular green indication, along with the parallel through movements. A separate left-turn lane is
often provided but not required. No regulatory sign is required, but an informaional sign may be used,

2. Protected (exclusive) mode only—during which left rurns are permirced only when a left green arrow is dis-
played. There is no conflicting vehicular or pedestrian traffic. Typically, 2 separate lefi-turn lane is provided. If the
left-rurn movement occurs when the adjacent through movement is shown a circular red indication, a separate

left-turn lane must be provided.

A separate left-turn signal face must be used where the signal sequence does not provide for the simultancous
movement of the parallel through rraffic. The change interval display may consist of cither a yellow left arrow or
a circular yellow: The yellow indication must match the green indication; that s, if the separate left-turn face pro-
vides a circular green, a circular yellow is provided. If the separate left-turn signal face provides a green left arrow,

the yellow indication must be a left arrow, MUTCD requires that all green arrow indications must be followed by
yellow arrow indications. The red interval may usca red arrow only if 2 yellow arrow indication is used. Otherwise,

a circular red is required,

When a separate signal face is used, it should be positioned in line with the turning movement approach, A left-
turn signal sign (R10-10) is required unless the signal face consists of arrows only or unless it is properly hooded,
shiclded, or louvered to ensure that conflicting circular yellow or red indications are not readily visible to motorists

in the through lanes,

3. Protected/permissive (exclusive/permitted) mode—a combination of both the protected and the permissive
modes whereby left turns may be made during the green display as defined under the respective modes. Green
and yellow arrow indications are required for this type of operation.

The controller phasing for protected/permissive mode is the most complicated of the three modes in thar it com-
bines the other two modes. Four distinct controller-phasing schemes are commonly employed:

* lead-left curn with parallel, non-conflicting through traffic;

*  simultancous lead-left turns with no parallel through traffig;

* lag-left turn with parallel, non-conflicting through traffic; and
* simultaneous lag-left turns with no parallel through traffic,

Traffic Control Signals » 413
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Page 512 2009 Edition

03 Except as provided in Paragraph 4, the pedestrian signal heads shall continue to display a steady
UPRAISED HAND (symbolizing DONT WALK) signal indication when the pedestrian hybrid beacon faces
~ “re either dark or displaying flashing or steady CIRCULAR yellow signal indications. The pedestrian
~_ignal heads shall display a WALKING PERSON (symbolizing WALK) signal indication when the
pedestrian hybrid beacon faces are displaying steady CIRCULAR RED signal indications. The pedestrian
signal heads shall display a flashing UPRAISED HAND (symbolizing DONT WALK) signal indication
when the pedestrian hybrid beacon faces are displaying alternating flashing CIRCULAR RED signal
indications. Upon termination of the pedestrian clearance interval, the pedestrian signal heads shall revert
to a steady UPRAISED HAND (symbolizing DONT WALK) signal indication.
Option:

04 Where the pedestrian hybrid beacon is installed adjacent to a roundabout to facilitate crossings by pedestrians
with visual disabilities and an engineering study determines that pedestrians without visual disabilities can be
allowed to cross the roadway without actuating the pedestrian hybrid beacon, the pedestrian signal heads may be
dark (not illuminated) when the pedestrian hybrid beacon faces are dark.

Guidance:

05 The duration of the flashing yellow interval should be determined by engineering judgment.
Standard:

06  The duration of the steady yellow change interval shall be determined using engineering practices.
Guidance:

07 The steady yellow interval should have a minimum duration of 3 seconds and a maximum duration of 6
seconds (see Section 4D.26). The longer intervals should be reserved for use on approaches with higher speeds.

Sect. 4F.03 December 2009



| affirm that, in regards to the duration of yellow lights and signalized intersections that,

1. Setting the duration to that less than the ITE Yellow Light Change Interval confronts drivers with
an impossibie decision problem, forcing drivers to run red lights. That such a duration creates
a region on the road where if the driver is in at the time the light turns yellow, the driver neither
has enough distance to stop nor the time {0 proceed fo the intersection at the maximum
allowable speed or less and still enter the intersection while the light is still yeliow.

¢ The name of such a region on tf[\’_e/coad’lfcaﬂed-a—ty;{e I dilernma zone. No matter the
decision of the driver, the grlver will run a red llght There is no solution.

\—__‘W_k-_.w = Mﬁ
“/ * The maximum alfowable speed, also known as the design speed or approach speed, is at
- least the speed limit for purposes of using the ITE Yellow Light Change interval.

2. Setting the duration to that less than or equal to the ITE Yellow Light Change Interval for left and
right turn lanes, confronts turning drivers with an impossible decision problem, forcing drivers
to run red lights. That such a duration creates a type 1 dilemma zone, a region on the road
where if the driver is in at the time the light turns yellow, the driver neither has enough distance
to stop, nor enough time to proceed to the intersection at the maximum allowable speed or
fess, nor enough time to compensate for the driver's necessary act of slowing down from the
maximum allowable in order to begin turning. The driver cannot enter the intersection while
the light is still yellow.

Turning {U, left and right} drivers require up o twice as much yellow duration as the ITE Vellow
Light Change interval provides, certainly no less than that the formula provides. The Yellow
Light Change Interval only provides enough yellow time for drivers to approach the intersection
from the critical distance at the maximum allowabie speed, no less. The Yellow Light Change
Interval does not provide enough yellow time for drivers who intend to enter intersection, who
also need to slow down before entering the intersection.

s The critical distance is the distance the driver needs to stop from the maximum
allowable speed. It includes the distance he travels while decelerating, and the
distance he travels at the maximum allowable speed while he perceives the light turning
from green to yellow. '

3. Setting the duration to that less than or equal to the {TE Yellow Light Change Interval at an
intersection which is close by another intersections creates a type 1 dilemma zone.

The ITE Yelow Light Change Interval oniy provides enough yeilow time for drivers to approach
an intersection from the critical distance at the maximum allowable speed, no less. Any




obstacle that interferes with a driver’s constant procession to the intersection at the maximum
allowable speed, forcing him to siow down for a period, creates a type 1 dilemma zone for that
driver. The length and location of the dilemma zone depends on when and where the obstacle
appears. A close-by intersection whose light is currently green is not an obstacle. A close-by
intersection whose light turns is not green is an obstacle.  Any driver travelling within that zone
when the obstacle manifests itself, wiil be forced to run a red light.

The obstacle is usually another intersection whose approach, as defined by the ITE Yellow Light
‘Change Interval, overlaps or is just outside the approach of the first intersection. The obstacle
could be backed up cars waiting at the next intersection, feeder roads, or mall exits—anything
that obstructs the drivers progress to the intersection from the critical distance at the maximum

allowable speed.
l:/l 0%9\} Caé’e-f

Setting the duration to exactly the ITE Yellow Light Change Intervat leaves no margin of error,
The ITE Yellow Light Change Interval yields the absolute minimum length for a yellow duration
for a driver traversing the critical distance at the maximum allowabhle speed. This minimum
duration represents the instant a safe decision first becomes available at all points along the
approach. That means that at one infinitesimally-thin line on the road, the decision to stop gets
replaced with the decision to go. There exists a viable decision, but there is no play. [f the
driver makes a decision to go just before crossing the thin line, he will run a red light and
possibly cause a t-bone crash. [f the driver makes a decision to stop after crossing the thin line,
the driver either skids into the intersection, stops abruptly or possibly causes a rear-end crash.
Setting the yellow to the ITE Yellow Light Change Interval means that a decision is available, but
it also means that it is not clear to drivers what the decision should be. Since traffic engineers
do not mark this line on the road, the driver is forced to guess. Half the time the driver guesses
wrong. This predicament is called a fype 2 dilemma zone.
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Response to Vanasse-Hangen-Brustlin Comments
on Brian Ceccarelli’s Derivation of the Yellow Light Equation

by Brian Ceccarelli
April 29, 2012

The letters in the outline below (A, B, C.. . .) refer to the red tab marks | made on
Vanasse-Hangen-Brustlin’s comments. | put VHB’s comments at the end of the
outline.

Vanasse-Hangen-Brustlin [VHB]
Brian Ceccarelli [BC]

A. VHB: “His thesis is based on a misunderstanding of the yellow change
interval—that this interval is equal to the time needed for a vehicle to stop
before the intersection before the yellow signal indication terminates.”

BC: The thesis VHB is talking about is from an early edition of my
Derivation paper—from February 2010. in February 2010 | did believe
what VHB claims. | did believe that traffic engineers meant for the yellow
change interval to be equal to the time needed for a vehicle to stop. |
certainly did not believe they actuaily intended it to be what the formula
says: half the time needed for a vehicle to stop. | believed that traffic
engineers had made an innocent math goof. | could not imagine
professional engineers making such a heinous mistake. My
misunderstanding of what traffic engineers meant does not make a
difference in my concfusion. The formula is wrong no matter what their
intention is. In my February 2010 paper, | gave traffic engineers the
intellectual grace that they couldn’t have meant what their formula mean:s.

Butin July 2010 H.F. Van Der Brinten of Houston convinced me that traffic
engineers purposed the yellow interval to be half the time it takes a vehicle
to stop. That was a shock. Engineers are not innocent. These guys just do




Setting the Length of the Yellow Light Every time we approach an intersection when the light turns vellow, we

, guess where the decision pointis. The standard has always required that it not
be a guess, but we have been guessing for decades. ~ We had been getting by
with guessing because police officers don’t sit at intersections 24 hours a day, nor
do they hand out tickets to those who run red lights by a fraction of a second.

We do not get by anymore. Red light cameras leave no room for guessing but
engineers stilf force us to guess.  Red light cameras raise the bar of enforcement,
but engineering practice has never risen to meet the bar,  Cities and red light
camera companies exploit the discrepancy,  Cities punish the wrong party.

Your Department of Transportation sets the length of the yellow light
according to an equation published by the Institute of Traffic Engineers {ITE).
The Institute of Traffic Engineers is an international organization.  ITE was
established in the United States in 1930. The vellow light equation has been in
all editions of ITE's Traffic Engineering Handhook since 1965.  Maost cities in the
world apply this equation to their traffic lights.

In the realm of traffic engineering, the goals of traffic safety and the goals

Where is the decisi int? The decisi int is located at the saf
of traffic capacity often compete.  ITE's yellow light equation is an example of erel decision point? T sion poin < sare

. . X ) , braki istance on th roach to the intersection. The safe brakin
where the goal of traffic capacity usurps traffic safety.  For the goal of traffic N ) ng n 2 the appro o © i £
i L . . ) distance is v*/2a where v = speed limit and a = deceleration of a car.
safety, the yellow light equation Is wrong.  Setting yellow light intervals to this - f T
equation intentionally risks our lives. If we arrive at this unmarked point on the road at{he exact time the light
- turns yellow, we can decide to stop or go and either amnyosrw.mm.ﬂ$i_#s.a\

For [TE's equation to work, drivers need to know a critical piece of decide b il arrive at the int tion fust as the light ¢ ; i
. . - . . : ) ecide to go, we will arrive at the intersection just as the li urns from yellow
information. A critical piece that drivers don't know.  Drivers need to know g } & v

. . .. . to red. we decide to stop, ill stop at the intersection and the light will
the location of a point on the road called the decision point. ’ i ec By We W p ntersecti the light wi

It is a point on the h readv b Jf | 4
. . . ave already been red for several seconds.
road closest to the intersection where you can still apply your brakes and stop v

mmmm_e..Oc;:ué_mammo::_mvouzﬂaqmnc:maairmmncmgo:..:,m" </.ub E%@N\
knowledge in tandem with the DOT properly setting the yellow duration, would

then provide drivers with the necessary information to always make right

decisions.

But by omitting half the information, your DOT creates a difemma zone, a
zone of indecision where upon seeing the light tumn yellow, you don’t know
whether to stop or go.  The Department of Transportation is fully aware of their
problem child. They have offered many papers on how to reduce the accidents
the dilémma zone creates.  But for some strange reason, the DOT hasn’t
thought of painting a big line at the decision point, nor has the DOT thought to
increase the yellow duration to the time it takes for a car to stop.  The latter
solution would remove the decision point altogether because a driver could
always brake without penalty.  Anyway, the dilemma zone Is the engineering
defect which births and feeds red light camera companies.

2 3
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There are solutions.

1

To prevent people from running red lights, all we have to do is set the
yellow interval to the stopping time. Make “yellow tight means brake”
the premise. If we do this simpie thing, the light turning to yellow
conveys a clear and simple meaning: By seeing the light turn yellow,
we can now brake without penalty Wm:a our safety is guaranteed.

Ne ienger do we have to wage the mmmmﬂmﬁ “Should | go or should |
stop?  We can stop. :

Stopping on time may not always be possible, but at least we
thru the intersection on & yelfow. 'There will be no cross traffic
because their light is still red. Em_m«m safe.  Because we can stop
comfortably, we don’t have to worry about rear-enders.  Cars behind
us will not be surprised by a noamc_wmc_m stop.  We don't have to panic
at red light camera intersections. wS.m don’t have to slam on the brakes
to avold a citation.  We can rest in'the fact that if we decide to try to
stop, our try will not be penalized. .

glide

To prevent people from running red lights, keep ITE's equation but mark
the road at the safe braking distance from the intersection.  The
marker could be a painted line which drivers could see, or perhaps small
ruts in the road which drivers could hear. One could also invent a
detector for inside the car which reads an emitter from the intersection.
When the detector and emitter sense the car at the decision point, the
emitter could beep.

Solution 2 has problems though.  Solution 2 takes away a driver’s focus
from the intersection.  Solution 2 does not work for cars within the
safe braking distance travelling under the speed limit when the light
turns vellow.  For such cars, stopping or geing will still be a guess.

5o Solution 1 is better,  Sclution 1 works all the time in any
circumstance,

Traffic Flow Preempts Safety

What was ITE thinking when they came up with their equation? How go
professional engineers justify their equation?  Why is the premise “Yellow light
Means Go” as opposed to “Yellow Light Means Brake?”  Ask an engineer and he
will tell you:

i

2.

Because if we made the yellow light interval longer, we would increase
traffic congestion.  {More yellow means less green, and less green
means fewer cars going through the intersection.]

1§ we make the yellow light the stopping time, that'll give people who do
not stop too much time.  They will treat the yellow as a green.

{What the engineer does not realize, is that people already treat the
yellow as & green—because ITE's equation forces them to do it!
Yellow means Go!]

The story from traffic engineers is always the same,  Engineers emphasize
the need for cars to go over the need far cars to stop. ITE's vellow light
equation is just one example,  There are others:

L

g

Shorten left turn arrow yellows to 3.0 seconds as if all cars are geoing 20
mph--because most cars are in line waiting to turn left.  But that’s a
big problem for cars that approach the intersection when there is no line
waiting at the light.  These cars approach at the speed limit.  Did the
laws of momentum suddenly change for objects in the left jane? Do
you see a 20 mph speed limit sign in the Jeft lane of a 45 mph road?

Purposefully design an intersection forcing cars to run red lights. 1TE
actually recommends this. See page 412 in the Traffic Engineer
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What is an Error in Physics?

| only explain what a physics error is because | have found that most traffic
engineers do not know what a physics error is or recognize its tell-tale bad signs.
While engineers have taken physics courses, _n:m< do not seem to remember the
kind of thinking that goes into creating ﬁrommwmn:mgo:m. Traffic engineers
claim that "the math is right.”  But the math is right only when the premise upon
which the math rests is right.

From history, [ illustrate a different bad physics premise.  This one is from the
ancient Greek astronomer Ptolemy.

The Earth-Centric Universe

Ptolemy’s premise was that the Earth was at the center of the Universe.  ITE's
premise is like Ptolemy’s premise.  Though well-intended, and it sort of works, it

is still wrong:

o Star
..uosa..m.m, —E
-~

By using his model, Ptolemy could predict the motion of the planets.  His
predictions only woerked to a point, because his math only worked to a point.
His math coufdn't explain planetary retrograde motion.  Because the math had
problems, Ptolemy understood that his premise was off.  Sa Ptolemy kludged
his up premise.  Instead of making the u_mzums travel in perfect circles, he had
them travel in Spirograph paths: :

10

Flanet

Retrograde
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® | +

Earih Eguant

Epicycle

Deferent

.

Each planet now danced in its own “eplicycle” along its circular orbit.  Ptolemy
liked this better because it explained the observed motions of the planets better.
The epicycle model held for centuries.

After 16 centuries, the astronomer Copernicus measured that Ptolemy’s math
didn’t describe actual observations. Ptolemy’s math worked great for Ptolemy's
premise, but reality exposed problems in Ptolemy’s math. By implication, that
problem in the math meant a problem in the premise.  Copernicus questioned
the Earth-Centric Universe.  So in order to make the math fit reality, Copernicus
dissed Ptolemy’s premise and proposed that the Sun, not the Earth, is at the
center of the Solar System:

11
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* One cannot believe that the population of an entire city consists of all bad Accepting the Correct Premise
drivers.  The red light cameras have measured that 120,000 people in Cary
are red fight runners.  That's everybody In town. If you accept the correct premise, “yellow light means brake,” then you believe

Thousands of cars running red lights is the tell-tale sign of a bad premise in action.

These cars run red lights because the math of ITE's vellow light equation forces 1. That traffic control devices should have a clear and simple meaning,
upon drivers a false reality which no one can abey. 2, That seetng a light turn yellow should guarantee your safety.
3. That you should never get penalized for braking.
4. That cars never have to rear-end you.
Accepting ITE's Premise 5. That skidding into the intersection on a yellow is better than on a red.
6. That running full speed into cross-traffic never has to happen.
i you accept ITE's premise, "yellow light means go,” then you believe 7. That red light camera programs should never exist, for the only people
running red lights would be the occasional drunk, and there’s no profit in
1. That stopping and going, even though your life depends on it, should be a that.
guess.
2. Thatitis okay for people to cause accidents because the equation offers no
event which the driver can use to guarantee his safety.
3. That it Is okay for the vellow light interval to be haif that required to stop
your car, despite that inducing a bias to go instead of stop.
4. Thatitis okay for the yellow light interval to be half that required to stop
your car, despite that causing rear-end collisions.
5. Thatdrivers who beat-the-light intentionally want to run red lights.
6. Thatitis okay to be penalized for braking when seeing a light turn yellow.
7. Thatitis ckay to encourage full-speed T-Bone crashes.
8. Thatred light camera programs are a great way to make money, since the
equation induces a guess and a bias which stack the deck in favor of the red
light camera company.
9. That everyone in the Town of Cary is a felon because the Town of Cary has

issued 120,000 tickets—equal to the population of Cary.

10. Thatit is okay to disregard places like Georgia who found that adding 1
second to ail ITE's yellow light intervals reduced the red light runners by
80%. That forced the red light camera companies to pull out, [By
increasing the vellow interval by 1 second, Geoergia gets closer to the value
Newton's Laws of Motion dictates.  If Georgia increases the yellow time to
what Newton’s Law requires for stopping cars, Georgia will see their 80%
decrease go to 99.9%.}

14 15
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Derivation of the Yellow Light Equation

The Instigator '

After | got flashed by a red light camera, | discovered that my intersection’s (Cary
Towne Blvd, at Convention) yellow fight interval did not meet the minimum
required by the ITE's equation. It turned out that the NCDOT had increased the
speed limit on my road from 35 mph to 45 mph but never bothered to increase
the yellow interval accordingly. The speed limit is now 45 mph, but the NCDOT
had set vellow light interval for a 35 mph road. 6 months after Cary convicted
me, on March 19, 2011 they increased the yellow light interval to that for a 45
mph road.  Red light runners decreased b , 80%.  Cary did not refund
anyone's money.  From this one light, Cary illegally stote $427,950 according to
thelr own Charter.

The same thing happened to Susan Sharma at a different intersection. She ran
the red light at High House Road at Prestonwood in September 2006, That
intersection’s yellow light was also shorter than the minimum requirement,
Cary convicted her anyway.  One month later Cary increased the vellow light
interval to that mandated by their Charter.  Cary did not admit the problem.
Cary did not refund her morey.  Cary stole $ 289,350.00 from this light.

To this day, Cary refuses to admit it.

Grail Quest

The legality of the red light cameras is built upon the validity of ITE's equation,
Even though ! already knew my red light camera was illegal, I still wanted to
understand the equation. For me to 83_2%: about a yellow light interval
without understanding the principles the NCDOT uses to set them wauld mean
my potential embarrassment in front of the judge. [ wanted to make sure |
could understand and derive the equation before pleading the case.

18

1 searched the internet for a derivation of ITE's equation but found none, |
found the North Carolina Statutes, the Town of Cary Ordinances, the NCDOT
Signals Manuals, the ITE Handbook and the Manual for Uniferm Traffic Control
Devices, but | could not find the derivation of the yellow light interval.
Engineering books have that equation in them. But not one ever shows the
derivation, Every book adopts ITE's equation without inspection.

I'have a B.S. in physics from the University of Arizona. | figured 1 should be able to
put that education to use.  So with pencil in hand, | derived an equation. The
problem is only a classical mechanics problem. Any freshman physics student
could doit. But the equation | derived was not ITE's equation.

Did t make a mistake? No ldidn't. It turns cut 1 could not derive ITE’s
equation because ITE's equation cannot be derived. That's because ITE's
equation is wrong,  The equation controls the motion of cars, but in jtself it is
not an equation of motion,  To an engineer, the words in italics register
nothing.  But those words spell doom and gloom to a physicist.  Those words
mean that ITE's equation does not describe reality.  Only equations of motion

describe the reality of moving objects.  ITE’s equation is not an equation of Q

motian; therefore, ITE's equation does not describe the real world,  One
cannot just impose such equations upon Mother Nature and expect Mother
Nature to obey.

In order to derive ITE's equation, | would have had to miraculously repeat ITE's
false premise. This explains why no book shows a derivation.  Everyone just
transferred the equation into their own book. The equation is a fantasy,
someone’s wishful thinking,

Stepping Distance Equation

The way | discovered how ITE arrived at their fantasy equation was an accident.
t stumbled upon the stopping distance equation.  The stopping distance has that

extra “2" in the denominator just like the ITE's yellow interval equation. The
stopping distance does come from Newton's Laws of Motion. It includes the

19
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First solve d;.

Using the equations of motion:
5. v=dx/dt

6. v=w,+at

7. S=xptvdt

8 S=xpt[{vo+athdt
9,

S = tpvp + Voly + at, /2 When a is a constant
10, do= vty at,f2 ~
15, ta={vi—vylfa From 6, soive for t
12, t.=-wofasincevi=0 The final speed is 0 mph.
13, ds= vol-vofa) + al~vofa)s2 Substitute 12 into 10.

14, dy=v,Ya £ v /2a)
15, de=-v.if2a

a = acceleration of the car (negative <m?m is deceleration}
vi = final velocity {0 = stopped) .

Vo = initial velocity {the speed limit)

1, = time it takes car to go from initial to final velocity

Plug d; from equation 15 into equation 4.

16, S=tv.—v,/2a _
Let the acceleration now be a declaration. Seta = -a.,

17, S=voty+v. /23

18, 5= vfty +vo/2a)

22

What contribution does the grade of the road add to the ¢ar's acceleration?
What is the acceleration, a., to the car caused by earth’s gravitational
acceleration?

19. a=ap+a.

Where

a, = deceleration of the car due to the application of car’s brakes
a. = acceleration of the car due to force of gravity due to grade of road

23
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The False Premise at Work

_ Decision Point M

You must step. You must go.

Safe braking distance

“ Voly >

[—————————— v, /{23 + 64.4g) ———————

The creators of the ITE's equation (eq. 35) use the safe braking distance point on
the road before the intersection in order to determine how [ong the vellow light
must be.  But instead of using the amount of time it takes a car a stop to set the
yellow time, ITE takes the amount of time it takes a car that is not going to stop to
determine the yellow time. .

The left side of equation 33 is the distance a car travels which does not brake.
The right side of equation 33 is the distance a car travels if he does stop.

33, oty =voi/(2a + 64.4)

where t,= yellow time for a car going the speed limit to traverse the
braking distance.

34, t,=v,/(2a + 64.4g)
,

It is easy to get confused here. Any nrﬁ._n_n knows that v, */{2a + 64.4g)
implies a time to stop.  But tyis not that mﬁm. Let me explain.

26

In equation 33, equating the distance a car travels which does not brake to
the distance a car travels when he stops, sets up the time it will take the car which
does not brake to traverse the braking distance,  That time is the unknown
variable. Itis the yellow time.

The math of equation 34 expresses the time it takes for a car that does not
stop, to traverse the safe braking distance,

This seems like an oxymoron, It is not an oxymoron. It is just the
expression of a bad premise. Itisveryodd.  Whatis being sacrificed here?

When you compute the yellow time this way, only at the distance v, 223 +
64.4g) before the intersection, if the yellow turns yellow right at the point where
the driver crosses that distance, can a driver decide either to stop or go and not
run a red light.  If the driver is farther than that distance, then the driver must
stop. If the driver is closer than that distance, then the driver must go.

At the distance v,%/(2a + 64.4g) before the intersection, if the driver
decides to go, t, seconds later he will enter the intersection at the instant the light
turns red.

At the distance v, /(2a + 64.4g) befare the intersection, if the driver
decides to stop, he is going to travel v, /{2a + 64.4g). When he comes to a stop,
he will be stopped exactly at the intersection, The time it will take him to stop is
vofla+32.2g). Thistime is twice as much as the yellow time. Though it will
take twice as long for him to stop, he will be able to stop before the intersection
because all he is going to travel is v, N\ﬁm +64.4g), itis just that half the time
the driver is coming to stop, the light will be red.  The driver needs not only the
yellow time to stop, but also the red time.

Which brings us to ITE yellow light equation:
35. Yellow Interval = t, + vo/{2a + 64.4g)

35 is the equation, albeit incorrect, one finds in ITE's Traffic Engineering
Handbook and the NCDOT Design Manual:

27
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From equations 41, 26 and 27,

43.  The correct yellow interval for small values of grade

Failures Even In the Correct Equation

The observant physicist will see a major limitation of all the vellow interval
equations | have so far presented.  All these equations apply only to dry roads.
The equations are invalid when the road is slippery.

Rain or ice reduces the coefficient of friction of the road surface, which increases
the safe braking distance, which increases the yellow lighttime,  Thereisa
formal mathematical expression for equation 42 which includes the coefficient of
friction, but | do not present it here.

When it rains outside and you get a red light camera ticket, you can legally say,
“Your yellow light duration doesn’t account for when the road is slippery. It only
accounts for dry conditions.  You cannat judge my driving based on a red light
camera that bases it decision on an equation that does not work in the rain, |
amnot God.  lcannot stop the rain.”  See how far that gets. But that is
exactly the case.  As long as vellow light interval controlier technology does not
compensate for the realities of Nature, the judgment of an in-situ policeman
remains necessary.

Just note that red light cameras enforce the law to the mathematical preciseness
of the yeliow light equation, whether or not the math represents reality. The
equation also has physical demands which the traffic englneer must meet, one of
which he currently never meets.  The engineer currently does not mark the
road at the safe braking distance, which creates the difemma zone.  Red light
camera companies exploit the engineering failures.  Cities shift the blame to the
driver.
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Conclusion

Equation 42 is what should appear in the NCDOT Intelligent Transportation and
Signai Systems Unit Design Manual and in the Institute of Traffic Engineers Traffic
Engineering Handbook.  There is no need for equation 43, because there is no
need for small angle approximations in the age of calculators.

{The smali angle approximation is satisfactory for grades between -10 and 10.
But for grades ocutside those bounds, the small angle approximation gives less
time than it needs to for inclines, and more than it needs to for declines.)

As for the red light cameras, keep them.  The red light cameras are the devices
which taught the DOT with their pants down and the Town of Cary with their
hands in the cookie jar.  The cameras are independent monitoring devices.
They are precision quality control instruments,  What the Town of Cary did not
expect and does not admit, is that the cameras caught the biggest offender of the
law, and the biggest menace to public safety--the Institute of Traffic Engineers
and the North Carclina Department of Transportation.

Once the towns set their yellow intervals to what physics demands, there won’t
be enough income from the program to sustain the program.  There simply
won't be enough people running red lights.
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The Dilemma Zone
Defect Caused By Traffic Engineers
Creator of Red Light Camera Companies
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Yellow Light Interval Equation Defined

The yellow light interval equals the time it takes for a driver to perceive the light
turning from green to yellow plus the time it takes for a driver to traverse the safe
braking distance at the speed limit.>

Definition by Words

[Safe Braking Distance)
Speed Limit

Yellow Interval = Perception Time +

Definition by Math#

.—um

Y=t +

1
r=t + _Ngi@_

Where:

1z = perception time in seconds

v = speed limit in ft/s

a3 = safe deceleration of car in ft/s?

G = Acceleration due to Earth's gravity {32.2 ft/s?)

g = grade of the road in %/100, downhill is negative grade

Safe Braking Distance—Expression of Newton’s Law of Motion

._\._N

2a + 2Gg

M..U”

To see a formal math derivation of the safe braking distance equation from
Newton’s Laws of Motion, see Derivation of the Yellow Light Equation, Red Light
Robber, http://redlightrobber.com/red/links df.

Yellow Light Equation - Not Totally Arbitrary

This spec incorporates the immutable Newton's Laws of Motion.  Half of the
spec computes the yellow time. The other half computes the safe braking
distance. The safe braking distance derivation is an exact expression of a higher
law that governs the universe, It is as important to the formula as the yellow
time itself.  But traffic engineers choose to implement anly the yellow time half,
not the safe braking distance half. By your DOT not implementing the full spec,
your DOT violates the higher law and establishes ¢onditions that force drivers to
run red lights.

in order for drivers to obey the spec, the driver needs for traffic engineers to
disclose the exact location of the safe braking distance:

GN

2o+ 2Gg

.m.w”

Which in tandem requires traffic engineers to set the yellow light interval to:
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that most cities initially are not aware of their preexisting short yellows. At
first cities are only aware that they have problems at certain intersections—that
ceriain intersections have far more accidents and have more people running red
lights. Cities place their cameras at these intersections.

It seems to never cross & ¢ity's mind that problem intersections are caused by
englneers.  Cities rather believe that thousands of drivers spontanecusly geta
suicide complex at their problem intersections, willfully run its red light, and then
by the time they get to the next intersection, gain their sanity again. By
accusing drivers of behavior disorders, cities enact the solution of enforcement.
Sheriffs get behind this idea because the only thing they know is enforcement.
Cities install cameras to penalize drivers.  Cities penalize in an attempt to affect
positive change in the drivers’ behavior.

But once the red light camera data comes in, cities find that driver behavior hasn’t
changed. People are still running reds as usual.  Cities do not understand that
the problem must lay elsewbere.  Given the traffic signal plans for those
problem intersections, one immediately discovers that these problem
intersections have specific and rather obvious engineering defects. The disparity
of red light running statistics from one intersection to the next makes it obvious.
At the top of the failure list is a yellow sharter than Newton’s Laws.  Next on the
list is the dilemma zone. The dilemma zone is on every list.

Once the cameras are up and collecting the money, as my colleague Barnet Fagel
the Ticket Doctor puts it, the cameras became like cocaine.  The income is
addictive.  Cities will not take the cameras down. Cities will not even use the
camera data to help their engineers because helping their engineers would mean
less revenue, On top of that, many cities like Cary have a tiered contract with
their symbiotic traffic camera company.  The more tickets Cary issues, the
higher percentage of money Cary keeps. It profits Cary to keep DOT engineers
in the dark.

Omission of Safe Braking Distance Line -- Repercussions

I bet until now you never heard about the safe braking distance line.  Afterall
none of us has ever seen one.  Am | fussing about nothing? We all seem to
have been getting along just fine without such a line these past decades.

Or have we?

Why do people run red lights?  Why do accidents happen?  Even though most
people never witness crashes, crashes do happen and at a rate of several dozen at
each intersection each year. Why are crashes so frequent and why at every
intersaction?

itis the outcome of the presence of the dilemma zone.

Even when traffic engineers set the <m__o,.<.wo_,_.m2_<‘ there is still a tremendous
amount of people running red lights.

If you believe your Town Council, a Tewn Council that supports red light cameras,
then you believe everyone in the city, and | mean everyone, intentionally runs
reds lights.  You believe that everyone in the city drives like the Dukes of
Hazzard. You believe that every soccer mom and church pastor drives a 69
Dodge Charger named General Lee, and is being chased by Sheriff Roscoe P,

Coltrane.

I have told you that violating the Laws of Motion causes reprehensible
consequences. | have told you that a yellow ¥ second shorter than that
required by the Laws of Motion more than quadruples the number of the people
runningreds. Well. Quadruples from what? it quadruples from the number
of people running red lights due to the dilemma zone.

Even when DOTs set vellows to the ITE spec, there is still a steady stream of cars
running red lights. By not providing the safe braking distance line, the traffic
enginegr violates Newton’s Laws of Motion and again forces drivers to run reds.
A short yellow and a dilemma zone is a case of worse on top of bad.  Remove
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If DOTs set the yellow light interval to this solution, drivers afways have the
option to brake. Drivers no longer have to guess between two opposing actions.
Gracefu! braking is always a possibility. Even when the driver is too close to
the intersection, the worse he ¢an do is gracefully slow dewn and glide through
the intersection on a vellow,

This solution covers all possibilities.  This solution covers the case where the
driver is within the safe braking distance, but going slower than the speed limit.
If the light turns yellow, he can still gracefully brake and never get penatized,

This soiution is the easiest to implement. DOTs only have to increase the yeliow
light durations by 1 —~ 3 seconds depending on the speed limit.  DOTs don't
have to get out a can of paint.

After the DOT impiements this solution, then DMVs must education drivers on
what a yellow light means.  This time DMVs could actually explain what a yellow
light means.

The biggest complaint from traffic engineers about this solution is that drivers
have too much yellow,  Traffic engineers believe that drivers will just treat the
yellow light as if it means go. My rebuttal is, “Even now that is what your yellow
means.”

The reason why this solution is the best solution, and | would add the only
solution, is because the solution is an equation of motion.  As opposed to ITE's
equation which tries to impose reality, this equation actually describes reality.

Compromise

The compromise is the sojution | have been mentioning from the beginning.
Make DOTSs paint a line at the safe braking distance.  This implies that DOTs keep
ITE's equation.

i3

The painted line works when cars are travelling at the speed limit on the entire
appreach to the intersection,

There are a couple of show stoppers to this solution:

1. Painting a crucial line on the road on the approach to the intersection may
distract a driver’s attention away from the intersection.

2. Crucial lines on the road are not easily visible in bad weather or at night.
Watching for a light only is much easier and much more reliable,

3. Lines eventuaily wear off.

Es

This solution does not address the case when a driver is travelling slower
than the speed limit within the safe braking distance when the light turns
yellow. This situation still requires the driver to guess whether to stop or
go.  Therefore this solution does not make the dilemma zone go away.

m

The possibility of two opposing actions (stop or go) still exIsts.

Conclusion

Not in their wildest dreams do people ever consider that their DOT, the
organization responsible for vehicular motion in the State, does not understand
the Laws of Motion,  But the raw data from the red light cameras show exactly
that. That data points a solid finger at the physics incompetence of DOTs.

Cities need desperately to trust their own Department of Transportation. It is
awful that they cannot. It is psychologically more comforting and definitely
more tucrative for cities to point a finger at drivers rather than face this
inconvenient truth.  Butitis now time to wake up, You can actually thank the
red light camera companies for revealing the truth, albeit underhandedly.
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Example: Westbound Cary Parkway at Kildaire Farms Rd.

Cary has a cornucopia of problematic traffic signals.  For this example, 1 will use
westbound Cary Parkway approaching Kildaire Farms Rd.  The speed limit on
Cary Parkway is 45 mph.  The left-turn yellow is 3.0 seconds, 1.5 seconds too
short according to Cary’s yellow tight equation.  Refer to figure 1. When the
light turns yeliow . ..

1
2

Cary will force about 95% of the drivers in Zone B to run the red light.
Cary will force additional drivers in Zone B and C to run the red light
when they choose to decelerate while in the lane.

3. Drivers in Zone A are okay. Cary expects them {o stop.  Drivers have
enough distance.  Cary should tell them where Zone A ends and B
begins in order to aveid the dilemma zone.

Yellow Light Interval Equation Defined
The yellow light interval equals the time it takes for a driver to perceive the light

turning from green to yellow plus the time it takes for a driver to traverse the safe
braking distance at the speed limit.!

Definition by Words

Safe Braking Distance
Speed Limit

Yellow Interval = Perception Time +

Definition by Math?
2
- 2a+2Gg
i Y=1, + =

2a+2Gg

Where:

t, = perception time in seconds

v = speed limit In ft/s

a = safe deceleration of car in ft/s*

G = Acceleration due to Earth’s gravity (32.2 ft/s%) , @\
g = grade of the road in %/100, downhill is nagative grade M\M\SQ mm |

Safe Braking Distance—Expression of Newton’s Law of Motion®

“n ‘
_ vt I A e
3 8= 2a+26g Vg V. -
4 e
. (__ o .
U/x. = ) 7//\\ \w
The Short Left-Turn Yellow " \, W._y @ n.\/w,
QH ad= > m\_r@.

At the intersection of Cary Parkway and Kildaire Farms Rd, the Town of Cary sets
the westhound thru-movement yellow interval to 4.5 seconds but shortens the
left-turn yellow interval to 3.0 seconds.  Can Cary do that?

No.

When Cary sets the yeflow interval to 3.0 seconds, Cary decreases the amount of
braking distance in which a driver must stop.  Into what braking distance does
3.0seconds confine a 45 mph car?  Isit safe?

4 Y=g, +
5. S,=v(V -ty
6. v =45 mph = (45 mile/h) * (5280 ft/mile} * {1 h/3600 s) = 66 ft/s

6

0
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Even in a 45 mph zone.

This means that the Town of Cary does net allow a driver to go the
legal speed limit.

If a driver is going 22.9 mph, 100.8 feet back from the intersection, with a clear
path to the intersection, with a green left-turn arrow beckening to him, he will
have a train of rightfully frustrated tailgaters honking behind him,

The Thru-Movement Yellow Light Interval and Safe Braking Distance

According to Cary, the safe braking distance for a 45 mph driver is 194.5 feet
(equation 31):

28 Sp = 1945 ft

What is Cary’s required yellow interval for a 45 mph level road?

29 Y=g + =

30. v = 45 mph = {45 mile/h) * (5280 ft/mile) * {1 h/3600's)
31 v =66 fifs

32, Y= 15s +
33. Y =4.5s

66 ft/s
2(11.2 ft/s?

For a 45 mph level road, the Town of Cary must set the vellow interval to at least
4.5 seconds.

The safe braking distance equation (eq. 3}, unlike Cary's other equations, is not
arbitrary. One must use this equation without compromise. The safe braking
distance equation part of the Yellow Light Equation is derived from Newton's
Second Law of Motion.  Everyone has no choice but to obey it.

Which Cars Does Cary Force to Run Red Lights?

Cary forces left-turn lane drivers that approach the intersection at the speed limit,
unhinderad by slow cars in front of them, to run red lights.

That is because when Cary's traffic engineers set a left-turn yellow arrow time,
they consider only cars waiting in o queue. Engineers assume that all cars
turning left were once waiting at a red light.  So when plugging in approach
speeds to determine the yellow interval for the feft-turn lane, engineers use
speed of these queued cars, cars which enter the intersection very slowly—at
14-30 mph.?

The 45 mph left-turn lane with a 3.0 second vellow:

Safe Braking Distance
The Peint of No Return

1. A 45 mph driver needs to apply his brakes at least 194.5 feet from the
intersection in order to come to a stop.  194.5 feet is the Point of No Return.
194.5 feet is called the Safe Braking Distance.  If the driver waits untit he is
closer to the intersection than 194.5 feet to stop, the driver will either stop too

10
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skidding into the intersection or Cary will cause the car behind him to run The Case Made

into him.
Shorting yellow lights forces drivers to run red lights.  Shorting yellow lights in
TN L left-turn fanes further forces drivers to run red lights because deceleration while
4 s:._mﬁ\_m mmnsmmﬁ.ﬂm:nm from the Intersection where ﬁ_‘_m driver can begin ,..,, appreaching the intersection consumes mare yellow time.  Shorting vellow lights

amn@m_.m”_:WE 33.5 mph? ..‘ \..N applies to right-turn lanes as well.  The Town of Cary will force even more

e p right-turning drivers to run red lights because a right-turn is a sharper turn than a
- _ . ,
a. distance = rate * time ,H,f lefe-turn.  Right turns require more deceleration.
b de=(Ve+Vel/2* L.5s;  Where (v, +v.)/2 = average speed Cary bestows upon these drivers unavoidable penalties and puts these drivers in
harm’s way.
¢ d.=[(66ft/s + 49.2 ft/s)/2] * 1.5s
Further Proof
d. d.=86.41t @/@5 y

To see graphs of this engineering failure, refer to How Yellow intervals Affect Red
If the driver is going to slow down to 33.5 mph, the driver can start hitting Light Running.® By shorting yellows, the Town of Cary forces from 300% to

the brakes at 86.4 feet from the intersection. He cannot hit the brakes 1000.0% more drivers to run red lights.

any sooner.

Seeing Is Believing

To witness the engineering failure firsthand, Cary offers a splendid vista at three
intersections:

If the driver Is anywhere between 194.5 feet and 86.4 feet
when the light turns yellow, and wishes to slow down, Cary will force him
to run the red light. 1. For westbound Cary Parkway at Kildaire Farms, park at Trader Joes.
2. For southbound Walnut 5t. at Meeting Place, park at McDonald’s.
3. For westhound Maynard at Kildaire Farms, park at Rite-Aid.

If the driver is anywhere between 194.5 feet and the 99 feat Watch the cameras flash all the unhindered left-turn lane drivers.  Cary
when the light turns yellow, slow down or no, when the light turns yellow, shorted all the left-turn yellows at these intersections.

Cary will ferce him to run the red light.

You will get the idea in 10 minutes.

13 14
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: , SR e Table 2 - Turning Forces Drivers to Run Red Lights
31 v d, is the distance from the intersection # - |Formula. .
dy = 2 where the driver must begin to apply e
his brakes in order to stop safely at the

intersection.

d, is called the safe braking distance.

36 . ds = w(T—1tp) ds is the distance a driver travels
during the yellow light after he

d, is a derivation of distance travelled perceived the ligh *Eﬁm rom green

according to Newton's Second Law of
Motion.® - This equation does not m__o{
any compramises.

] yellow. v is hisfaverageépeed.
/ ) ] ’ . ' g_ﬁﬁ W
When turning, a driver decelerates on
his approach in preparation to turning.
| Generally speaking, very few drivers

, ( can enter the Intersection at the speed
limit and stifl make the turn,

d Is the maximum distance a driver can

travel during the yellow light after he
perceived the light turning from green

The Town of Cary will force all drivers
who safely decelerated from the
speed limit, but who enter the
intersection at a speed less than
Ve—min {0 runa red light.

17 18
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ENGINEERING VS. REALITY

Institute of Transportation Engineers formula for calculating vehicle stopping Distance

2
S=Vt+ Y = 58.8 + 388X 588 =58.8 + 345744 =588+ . =231.6
2a 2X 10 FuS 20
S = Stopping Distance in Feet
V = Vehicle Speed, Feet Per Second, 40mph = 58 8 feet per second
t = Perception-Reaction Time
a = Deceleration Rate, 10 feet per second per second
Total Stapping Dlatancn 231,80 Fant
................ Tatal Distancs Travelad » 2318 Foat
(TRl BidBalng e = 8.4 8ee5 e
Timie to Stop
40 MPH 6.8 Seconds

E'0::  Spesd af vahigle In Fest Par Second duricg decslerstion

Institute of Transportation Engineers _WouEEm for calculating vehicle stopping Time

v Vo 588 y=304 ITETimetoStop 2.8 Seconds
Y=Vt+ ...N-WI = 588+ qc.. =1+ f=3.94 4 Seconds Too Short
e -3m
100 1t 200 1t 3000t _.zs_n wu.._

POINTS TO PONDER:

1. Normal range of yellow light timing is 3 to 6 seconds.

2. At speeds above 30 MPH, even 6 saconds total clearance
time may not be enough to stop.

3. Most violations of the yellow change intervat DO NOT result
in crashes, due to “lost time" of 3 seconds per phase.

4. Longer change intervals are called for with higher approach
speeds, regardless of the posted speed limit, therefore
there is no such thing as merely “meeting standards” with
yellow light timing.

5. Yellow intervals over 8 seconds may lead to increases in
rear end crashes in some situations.

8. Photo enforcement can lead to increases in crashes due to
inordinate driver focus on what the signal is doing, at the
expense of everything elsel

This chart reprasents the true reality on th street. Traffic engineers know that 1.5 seconds is the absoluts
minimum perception and reaction fime drivers need to be safe. The National Safety Council recommends
2.5 seconds (.75 reaction & 1.5 perception) iTE recommended decsleration rate of 10 feet per second
requires 172.8 fest of stopping distance on dry pavament at 40 mph which takes 5.8 seconds 1o compleie.
Therefore the cotrect formula for determining yellow light duration is:

Yetlow Tirne in Seconds

Vehicle Speed, Feet Per Second, 40mph = 58.8 feet per second
1.5 Seconds Perception-Reaction Time

Deceleration Rate, 10 feet per second per secand

¥
,@A.rm" 15 +m4m%. =15458=73wmss ¥
8

Waan

Total Slopping Dlstance

26¥ Faat

10 uking Mstance

Total Clstence Traveled - 261 Feat
Tothl 94| rie = 73 Gecondy

Time to Stop
40 MPH 7.3 Seconds

| 1 Becond

H tha vehicier In this 2one make any af o trave! their full slapping aved Hight

dlstungy

4 Bsopnds

GETTING BACK TO REALITY

1. Credibility with the public is the key to effective traffic control,
2. ITE and the engineering community should consider current driver population,
vehicle mix, and distractions when setting standards for yeliow light timing.
Longer yellows can be an effective countermeasure to red light crashes,
particularly right angle crashes.
4. Combination of Yellow plus All Red interval can keep yeliows from becoming
too long.
5. Photo enforcement should not be considered a substitute for good traftic
engineering practice.
6. Other countermeasures such as better signal visibility using back plates,
better intersection definition with striping, and fewer distractions such
as unnecessary signing, could reduce crashes without the need
for photo enforcement,

«@

William L. Triay
Mayors Milltary Advisory Gommittes

Staven C. Strength, PE, PTOE
City of New Orleans

New Orleans Reglonal Who Dat Goalition
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- Engineering - Definition and More from the Free Merriam-Webster Dictionary

Page 1 of 3
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Word Games. Word of the Day New Words & Siang Video ; My Favarites
engineering Subm
N . Save  Popularity
9 ' engmeering v
& el 20T 44 ENTRIES F :
. A,C'gH:SCL‘UN?, |- About.Our. Definitions: All forms of.a.word(noun?l ‘
Test Your Vocabulary P ! '
i N engineering verb, etc.) are now displayed on one page.
Take Our 19-Question Quiz

i engineer
E engineering geology

Ads by Google

fTT Tech - Official Site .

100 + Locations & Online Programs Official ITT Tech Site. Get Info!
www2 iti-tech.edu

en-gi-neer-ing noun  \-mir-in\

Definition of ENGINEERING HNTY
1 : the activities or functicn of an engineer

2 a: the application of science and mathematics by which the
properties of matter and the sources of energy in nature are
made useful to people

b : the design and manufacture of complex products
<software engineering>

3 : calculated manipulation or direction {as of behavior) <social
engineering> — compare GENETIC ENGINEERING

& See engineering defined for English-language learners »
See engineering defined far kids » -
Examples of ENGINEERING

This control panel is a good example of smart engineering.

FALL QPEN HOUSE

Qul. 20 0r 24 First Known Use of ENGINEERING
Now, 0or i1

1720

Rhymes with ENGINEERING

fictioneering, mountaineering, power steering

engineering noun (Concise Encyclopedia)

Professional art of applying science to the optimum conversion
of the resources of nature to the uses of humankind.
Engineering is based principally en physics, chemistry, and
mathematics and their extensions into MATERIALS SCIENCE,
solid and fluld MECHANICS, THERMOGYNAMICS, transfer and rate
processes, and systems analysis. A great body of special
knowledge is associated with engineering; preparation for
professional practice invelves extensive training in the

http://www.merriam-webster.com/dictionary/engineering

F Why Words Get Cut
from the Dictionary

. Name That Thing
. Take our visual vocab quiz
Test Your {novwiledge »

w Frue or False?
A nuick quiz about stuff worth knowing
Take It Now »

Join Us on FB & Twitter
Get the Word of the Day and More
Facebook [ Twitter

Get Our Free Apps
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Word of the Day, and More
[Phone | IPad | Androld | More

3 Zeitgeist & More: Words For
Ideas Worth Thinking About

Top 10 Words for Useful & Intriguing
i Concepts

"The Art of Conversation Is..."
& More Word Wisdom
Favorite Quatations Abaut Woerds, Val, 2
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Engineering - Definition and More from the Free Merriam-Webster Dictionary Page 2 of 3

application of that knowledge. Engineers employ two types of
natural resources, materials and ENERGY. Materials acquire

" uses that reflect their properties: their strength, ease of
fabrication, lightness, or durability; their ability to insulate or
conduct; and their chemical, electrical, or acoustical
properties, Important scurces of energy include fossil fuels
(coal, petroleum, gas), wind, sunlight, falling water, and
nuclear fission. See also AEROSPACE ENGINEERING, CIVIL
ENGINEERING, CHEMICAL ENGINEERING. GENETIC ENGINEZERING,
MECHANICAL ENGINEERING, MILITARY ENGINEERING.

Learn More About ENGINEERING

Spanish-English Dicticnary: Translation of "engineering”
Britannica.com: Encyclopedia article about "engineering”

Browse

Next Word in the Dictionary: engineering geclogy
Previous Word in the Dictionary: engineer boot
All Words Near: engineering

4¢ Seon & Heard 23

What made you want to look up engineering? Please tell us where
you read or heard it (including the quote, if possible).

7 comments Add a comment

Ronel Gerenimo Omagtang * Waorks at ABS-CBN Broadcasting

Corparation .
I am an electronics engineer. I looked for the definition of the word
ENGINEERING to be able to efficiently answer the stupid question:
“What is Engineering?”

Reply - Like March 24 at 9:35pm

Rahui Kumar Singh - Engineer 2t Mechanical Engineering
engineers are better technically skilled citizen of a society............
Reply = 3 - Like* September 14, 2011 at 11:38pm

Mabel Queen * Federl polytechuic offa

Yah, I Agree dat ENGINEERING is designing and manufacturing
complex products such as that of SOFTWARE ENGINEERING.

Reply - Like' August 17, 20t1 at 7:51pm

Sarah Beaton - Faith West Acadamy
Love the rhymes with enginearing.....
Reply - Like* May 3, 2011 at 2:30pm

Claire Pennington - Careton Collage

Natural sefectlon is genetic enginesring. That's why the debate is
stupid.

Reply * Like* March 27, 2011 at 3:18pm

Louise Nuttley

No it's net. Engineering requires faresight, which is not a
feature of natural selection. What debate?

Reply - Like' August 25 at 4:25pm

Cfaire Penningten - Carleton College

You're right; engineering is strategy, and natural
selection is trlal and emvor with no mind behind it, 1 have
no idea what debate I was referving to. Sorey bro.

Reply - Like- August 25 at 6:08pm

View 2 more

facebook soctal plegin

View Seen & Heard highlights from around the site »

http://www.merriam-webster.com/dictionary/engineering 9/11/2012
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a. The application of scientific and mathematical principles to
practical ends such as the design, manufacture, and
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b. The profession of or the work performed by an engineer.
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Misapplied Physics in the
International Standards that Set
Yellow Light Durations Forces Drivers
to Run Red Lights

Brian Ceccarelli, Joseph Shovlin

The international standards that traffic engineers use to set yellow light durations are in
opposition to the laws of motion. Misapplied physics creates systematic errors at
signalized traffic intersections guaranteeing a steady stream of drivers running red
lights. These errors are exploited by red light camera companies and governments.
The systematic errors also induce thousands of vehicle crashes each year.

Many times we have approached an intersection when the light turns yellow and we did
not know whether to stop or go. Sometimes we have accelerated to beat the light and
other times we have slammed on the brakes in order to stop.  Other times we have
entered the intersection just a fraction of a second after the light turned red. Often we
travel down the left turn lane and commit ourselves to enter the intersection, only to
have the light turn to yellow and then to red before we could execute the tumn.

These situations occur commonly to all drivers.  We experience them many times a
year. Over the decades we have grown accustomed and desensitized to such
situations. The authors of this paper would not have given them a second thought had
it not been for the fact that we are commuting in Cary, North Carolina, a town that
operates red light cameras. Had not one of these cameras flashed one of the authors,
you would not have this paper to read. These common red light running scenarios,
though technically illegal, are the forced behavioral outcomes of systematic errors of the
Institute of Transportation Engineers’ (ITE) Yellow Change Interval Formula.



The ITE Yellow Change Interval Formula

Equation 1a is the Formula as it appears in ITE's Traffic Engineering Handbook' and
Traffic Signal Timing Manuaff. This Formula and its equivalents (1b, 1c) appear in
traffic signal specifications for almost every jurisdiction in the world.

Equations 1. ITE Yellow Change Interval Formula

EX=




The Formula is not an-équation of mot@n. The 2 in the deno
disqualifying factor. ‘Fad-the formula been Y = t, + vi(a + Gg
be an equation of motion. But that is netwhat we see.™ Yo Formula says v/i2(a +Gg).
That means the yellow light lasts half the time it takes for & driver to stop. Because

intent? And because the Formula is not an equation of motion, how does the Formula
affect drivers today?

The intent

Loak at the Formula this way:

Eq 2. The Formula is Derived From Braking Distance

et

Y=t
v v

[Safe Braking Distance]
Approach Speed

Yellow Duration = Perception Time +

In equation 2, the yellow light duration equals the time it takes for the driver to perceive
and decide what to do when the light turns yellow, plus the time it takes for the driver to

traverse the safe braking distance at the approach speed. “Traversing the braking
distance but not braking” sounds like mixing apples and oranges. @%ut recall that

the Formula is not an equation of motion. no

For now regard the approach speed as the speed limit. We will take up the issue of
approach speed versus speed limit Iater.



e

Let us define the critical distance. In equation 3, traffic engineers define the critical

distance as the safe braking distance plus the distance the driver travels during the time
that he perceives and reacts to the signal change to yellow®.

Eq 3. The Critical Distance

vz
o= vt e

We are now ready to define the intent of the Formula. If the driver is farther from the
intersection than the critical distance ¢ when the fight turns yellow, then he must stop.
By embedding the braking distance into the yellow signal time, the Formula gives a
faraway driver enough distance to stop safely and legally. If the driver is closer to the
intersection than ¢, then the driver does not have enough distance to stop safely. The
driver must proceed and enter the intersection. The Formula gives the proceeding
driver enough time to enter the intersection before the light turns red with the
precondition that the driver approaches the intersection at a speed 2 v.

Forcing drivers to run red lights

The application of the Formula fails to properly apply physics in two respects.

1. The Formula never provides gnough time for a driver to decelerate and enter the 5\“ IRY A\r

inter. or an equation to accomrodate decéleration, an equatton mu> i
M:Z:::tlon of motion a = Av/ Al. The Formula does not. _ The Formuia-
Cy shorts the required deceleration time by half. T Herefore for any driver who must
slow down anywhers withimr th”é“éﬁﬁgérdlstance before entering the intersection, !
the Formula creates a type | dilemma zone®. A type | dilemma zone is a region M | v
on the road where if the driver is in it when the light turns yellow, the driver can ¢ V‘f@ ml
neither stop safely nor proceed safely without running a red ight. g@q 5& &Ot% st V

Traffic engineers create type | dilemma zones at every intersection because ' VQ)
every intersection must handle one or more of the following types of drivers:

a. Turning drivers. U, left and right turning drivers need to slow down to execute
a turn.



b. Drivers going straight who must stow down for traffic waiting at the next
nearby intersection beyond the immediate intersection. This situation is
typical of busy downtown streets where intersections are close together.

¢. Drivers going straight who must slow down for the stop sign or signal light at
the next intersection beyond the immediate intersection.

d. Drivers who tap their brakes to avoid colliding with vehicles entering or exiting
business entrances or side streets close to the intersection.

e. Drivers going straight who slow down to avoid colliding with an opposing left

~ turning driver playing chicken. '

f.  Drivers going straight who slow down for any objects in front of them.

g. Drivers who slow down for bumps in the road.

h. Drivers who slow down for potholes in the road.

Drivers who slow down to go over railroad tracks.

Defensive drivers. Drivers who slow down just to be cautious. No matter

how defensive drivers are, they cannot escape dilemma zones®. in fact the

more cautious the driver, the more the Formula forces the driver to run a red

light.

[

2. The Formula assumes that all drivers know the precise location of the critical
distance. [f the driver guesses incorrectly by so much as an inch, deciding to go
rather than stop, then the Formula will force him to run a red light. To
compensate for a possible wrong guess, the driver often accelerates or slams on
the brakes. The Formula is responsible for each behavior because the Formula
does not provide the driver with a margin of error. In an instant the mandate to
stop turns into the mandate to go. Because the Formula only provides haif the W™ Mﬁ'[”\'
time to stop, the driver is better off accelerating. Traffic engineers even expect

" drivérs o accelerate”.  The region on the road where a driver must guess T
whether to stop or go is called a type It dilemma zone®. A type It dilemma zone is }
different than a type | zone. Whereas a type [ zone is a region on the road
where the only outcome is running a red light, a type H zone is a region on the
road where a viable solution exists, but the reasonably perceptive driver does not
know what itis. Type Il zones are also called indecision zones.

Engineers make the Formuia fail further by . . .

1. Plugging the wrong numbers into the Formula. For example the speed limit is
45 mph but the engineer accidentally plugs in 35 mph. In Cary, North Carolina,
one of the authors and 8500 other drivers got flashed by a red fight camera at an
intersection whose yellow signal had this kind of mistake®. Also engineers



routinely plug in 0% for the grade when the road goes downhiil. 12,000 Cary
drivers were flashed by a red light camera at this type of intersection®.

2. Plugging in an approach speed which is less than the speed limit.  This
effectively forbids drivers from travelling at the speed fimit. Drivers are entrapped
by the speed fimit sign. An approach speed set less than the posted speed limit
shortens the braking distance below the minimum required by a driver travelling

at the legal speed. The legally moving driver can no fonger stop safely. Instead .,.;,,,,,,,![____,,_»ﬁ/—-—g--m

he must run the red light. Every protected left turn signal in Cary is like this, i ! R

contributing to over 100,000 drivers running red lights®. ;é(; f?ﬂ }L,.,l. Uv‘
¥ T S Vo

The size and location of type | ditemma zones is a function of approach speed,

perception time, deceleration, grade, minimum intersection entry speed and actual

yellow time'®. On a level 45 mph road using the ITE standards, the dilemma zone in J\/{/Q; N ;/s_'u’t-(;,:i{?cf'
the left lane extends from 284 feet (critical distance) to 178 feet from the intersection. L ’
Any driver who in this zone travelling at the approach speed at the onset of yellow, who
will enter the intersection at 31 mph or less, will be forced to run a red light'".

- e W
SRR AL

History of the Formula

The Formula was invented in 1959 by Denos Gazis, et. al. of GM Research Labs.
Equation 4a is in Gazis' paper The Problem of the Amber Signal Light in Traffic Flow".
Equation 4b expresses the same meaning as 4a.

Eq 4. Gazis’ 1959 Formula

A bmin = Ly + [%h wa;L
B t>t, + [—12%] WI:]L




Gazis explicitly designed the Formula to handle only one traffic situation. The Formula
only handles the straight-thru movement driver who can proceed unimpeded to and thru
the intersection at the maximum allowable speed™. Thatis the context of the Formula
and that is as far as it goes. Gazis knew that his Formula was not a magic pill. Gazis
knew that it did not provide adequate time for vehicles that slow down before entering
an intersection. He knew it neither worked for turning movements nor for vehicles at
two close-by intersections’®. He also knew that treating the Formula as an equality did
not give the driver a margin of error. That is why Gazis expressed his Formula as an
inequality.

» Today’s traffic engineers misapply the Formula to every traffic situation.
» Today's traffic engineers misapply the Formula as an equality.

The third term (w + L)/vg in equation 4 is the amount of time it takes for a vehicle to
travel across and clear the intersection at the maximum allowable speed. Today the
third term is called the ail-red clearance interval. It is the amount of time that drivers on
afl approaches see a red light. In Gazis’ day, the all-red clearance time had to be added
to the yellow light duration because the traffic signal hardware could not simultaneously
display red on alf approaches. This limitation is still true today for many traffic signals.
Whether or not the traffic signal can show ail-red, traffic engineers systematically take
the third term out of context by setting vo to the maximum allowable speed instead of the
speed of the slowest vehicle as it traverses the intersection. The slowest vehicle is
usually the left-turning vehicle.

The 1959 Formula did not compensate for the acceleration due to gravity for vehicles on
a hill. In 1982 ITE remedied that shortfall by including Gg in its Manual of Traffic Signal
Design.  The expression Gg is a smalt angle approximation. The approximation does
not significantly affect the yellow time untit grades exceed + 10%. Not all jurisdictions



use the version of the Formula with the Gg. Surprisingly California does not’ and
California includes San Francisco.

Approach speed

ITE instructs the engineer to plug in the approach speed for v into the Formula.
Approach speed is a term specific to traffic engineering. Traffic engineers have a
nebulous definition of approach speed. In the coniext of intersections, the approach
speed is the speed with which a vehicle approaches an intersection.

Physicists are aware, however, that the definition of v in the Formula is not nebulous but
exact. Approach speed v must be vy, the initial velocity of the vehicle at the critical
distance from the intersection. That is the physical meaning of v in the basic equation
of motion stopping distance = v/2a.

But in 1965 ITE miscopied the original Formula into the Traffic Engineering Handbook'®.
vgbecame v. ITE forgot the naught.

Eq 5. ITE Traffic Engineering Handbook, 1965

Y=t + 1[v]+ w+ L

The miscopy has led traffic engineers fo believe they could define v arbitrarily. Since
1994 ITE has been instructing traffic engineers to set v for turn lanes to the average
velocity of the speed limit and the vehicle’s intersection entry speed'. This practice is
why yellow durations for left turn lanes are now 3.0 seconds while yellow durations for
straight-thru lanes are 4.5 seconds. The practice also causes red light camera '
citations to spike when Cary decreases left turn yellow durations from 4.0 to 3.0
seconds'®.

Speed limit

Approach speed is not necessarily the speed limit. Let us define speed limit.

Speed limit has a different meaning to the traffic engineer than to the judge, police
officer and driver. To the traffic engineer, the speed limit is that speed which separates
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the bottom 85% from the top 15% of freely flowing vehicle speeds'®. This method is
called the 85" percentile rule. This method implies that the speed limit actually
changes during the day and for different stretches of road. The 85" percentile speed
during peak hours is less than that at midnight. The 85™ percentile speed on a level
part of the road is less than that going down a hill on the same road. The speed that
engineers customarily post is the one they measured for a level road at peak-hour
traffic. Engineers also round the posted speed fo the nearest 5 mph.

Engineers purpose to set their speed-limits by accommodating human behavior not by
imposing iniquitous values. But because traffic engineers are restricted to handle wide
variations of geography and human activity with a single blob of paint on a lonesome
sign, the engineer’s speed limit and what police and cameras think of as the speed limit
are often at odds. As vehicles come down off a hill, a 35 mph sign at the bottom of a hill
may be appropriate for the next section of road, but the 85" percentile speed of freely-
flowing traffic at the speed limit sign may be 50 mph. The incompatibility spells
opportunity for the assiduous police officer and the speed camera company.

While engineers are limited to express one speed limit for a road that requires many,
engineers are not so limited when expressing the speed for setting yellow light
durations. Engineers are mandated by their specifications to measure the approach
speed independently from posted speed, comnpute the yellow duration from the
approach speed, and set the traffic signal hardware to the result®®. The approach
speed must not be less than the posted speed limit lest it takes away the driver’s legal
right to travel at the speed iimit. (Using an approach speed less than the speed limit
disables a driver from stopping safely from the speed limit.)

Perception time and deceleration

The variance in measurements of perception time and deceleration contribute to
dilemma zones as well. Values for these constants are very subjective and subject to
much debate. Table 1 gives you an idea of averages used by different standards.

Table 1. The “Constants” Perception Time and Deceleration
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The American Association of State Highway and Traffic Officials (AASHTO) wrote an
interesting chapter in A Policy on Geometric Design of Highways and Streets about
driver reaction times?'. AASHTO’s conclusion is that “a brake reaction time of 2.5 s is
considered adequate for conditions that are more complex than the simple conditions
used in laboratory and road tests, but is not adequate for the most complex conditions
encountered in actual driving”.

Yet no jurisdiction uses AASHTO's recommendation. North Carolina uses 1.5
seconds. Oregon uses 1.7 seconds. Most others use ITE's 1.0 second.

Deceleration is also subjective. Comfortable deceleration means values around % G.
Gazis' deceleration is ¥ G. However Gazis said that % G is “feasible but is a fairly high
deceleration not desirable in normal driving.”?  In this case Gazis' and AASTHO's
values are less desirable than |TE's.

Note that the Formula does not consider commercial vehicles with air brakes. Air
brakes do not engage all at once like passenger car brakes. Once the driver’s foot
presses the brake pedal, it takes about 0.5 seconds for the air pressure o build up so
that the brakes can achieve a steady deceleration®. A traffic engineer desiring to cover
the needs of all vehicles would add a brake lag time to the Formula but no engineer
does this.

It is sobering to understand the traffic engineer's mentality. In the world of traffic
engineering, the goals of traffic safety often compete with the goals of traffic flow.
When push comes to shove, flow usually wins out. In the case of yellow light durations,
the more the signal cycle spends in yellow phases, the less the signal cycle can devote
to green phases. The more yellow, the less green. The less green, the less flow.
Less flow is bad so engineers use values to cover the majority of drivers and vehicles,
not values that cover alff drivers and vehicles. So with willful intent and prior
knowledge, engineers design their signals knowing they will cause drivers and vehicles
on wrong side of the percentiles to run red lights. ITE explicitly recommends the
practice of forcing drivers to run red lights. ITE instructs engineers to cap yellow
durations to 5 seconds even when their own formula suggests they should be longer.
ITE hopes that the all-red interval wilt allow the resulting red light runners to get to the
other side of the intersection uninjured.

Gazis categorized red light runners into deliberate violators and non-violators®. Non-
violators are red light runners entrapped by common ordinary and expected dilemma
zone having to run the red up Miggg_gnds into the red. Deliberate violators traverse
the intersection in the middle of a red phase. Red light cameras and overzealous
police officers do not discern the difference.
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Consequences of the Formula

Yellow lights which are short by a fraction of a second relative to the Formula forced
400% more drivers to run red lights in Cary. Figure 1 is a graph®® of the number of red
light camera citations versus time at the eastbound approach on Cary Town Blvd. at
Convention Drive. In March 2010, the Town of Cary fixed its incorrect assumptions
about this intersection and increased the signal’s straight-thru yellow duration from 4.0
seconds to the Formula’s 4.5 seconds. The number of red light runners decreased by
about 75%. The Town of Cary had cut short this yellow since 1984. Cary placed a red
light camera at this intersection in 2004. |t was the first camera Cary insialled. Cary
has kept all the money it received even during the high period.

Fig 1.
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Figure 2 is a graph26 of the number of red light camera citations on the northbound
approach of Kildaire Farms Road at Cary Parkway. [n January 2010, the Town of Cary
decreased the left turn yellow duration from an already inadequate 4.0 seconds to 3.0
seconds using the 1994 ITE specification as justification. The Formula time for
straight-thru movement for this road is 4.5 seconds. The already high volume of red
light runners increased about 600%. The Town of Cary turned off the camera by the
end of August 2010. The Town of Cary kept all the money it received even during the
high period. ‘

Fig 2.
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Drivers running red lights during the low periods are not necessarily violators either.

By simply applying the usual federal standards, the Town of Cary subjects all drivers at
all times to type | and type Il dilemma zones. Reduction in the red light running rate
only indicates a reduction in the sizes of the dilemma zones, not their absence. At
Cary Town Blvd. and Convention, the low period red light runners are most likely type Ii
ditemma zone victims because there is a low volume of turning traffic at this
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intersection. At Kildaire Farms Road and Cary Parkway, there always has been a
type | dilemma zone in the left turn {ane because 4.0 seconds undercuts the laws of
motion. Both intersections have a type |l dilemma zone for straight-thru traffic, and a
type | dilemma zone for anyone who must siow down before entering the intersection.

The Town of Cary currently operates 17 red light cameras. Cary has installed these
cameras on the approaches of infersections that have the most numerous and longest
type | dilemma zones. There is no exception. These locations are where Cary and the
red light camera company can reap the most money.

Solution

The solution® is equation 6. Equation 6 handles most cases. It gives drivers the

distance to stop. It gives drivers the time to proceed at the approach speed. It gives M% &%_ j 26 v
drivers the time to slow down in order to execute a turn. It gives drivers the time - A L’:W e
required to decelerate and enter an intersection which means that drivers can tap the

brakes to avoid hitting obstacles in front of them. [n the Driver's Manual, the DMV can

now replace the meaning of the yeliow light from “yeliow means that the signal is about

to turn red, stop if you think best, go if you think best, but we may make you run a red

light anyway,” to the instruction "a driver always has the option to brake without running

a red light.”

Equation 6 stilf does not handle weather conditions. The technology does not yet exist
to sense and fransmit contributions by the weather o the vehicle’s motion. The solution
does not accommodate the force of the contribution by wind, or the contribution by
water on the coefficient of friction between the road and tires.

Eq 6. The Solution
Vg

+ a + Gsin(tan~1 g)
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STATE OF NORTH CAROLINA IN THE GENERAL COURT OF JUSTICE

SUPERIOR COURT DIVISION

COUNTY OF WAKE 10-CVS-019930

BRIAN CECCARELLI, )
individually and as class representative, ;

) AFFIDAVIT OF ELIZABETH GEORGE
Plaintiffs, )
V. )
)
TOWN OF CARY 3
Defendant. )

ELIZABETH GEORGE, being first duly sworn, deposes and says:

L.

I have personal knowledge of the facts hereinafter stated and am competent 1o testify as a
sworn witness to the matters contained herein. [ am over the age of 18 years.

] received a Ph.D. in Physics in 1993 from the University of Wisconsin — Madison.

I am currently employed by Wittenberg University as an Associate Professor and Chair
of the Physics Department and have been with the university since 1998.

My Curriculum Vitae, including a list of publications, is attached to this Affidavit as
Exhibit “A.”

Based on my education and training in physics, I am qualified to testify regarding the
dilemma zones created by the yellow light duration formula used by traffic engineers.

My conclusions are based on basic principles that I teach in my physics courses.

a) When a traffic light changes from green to yellow, a vehicle traveling at a given speed
requires a certain distance to stop safely. If the vehicle is closer to the intersection than
this critical distance, the driver cannot safely stop short of the intersection and has to
continue through the intersection instead of stopping. When the yellow light duration is
too short for a vehicle traveling at this speed to clear the intersection before the light turns
red, a Type I dilemma zone is created, in which a driver cannot stop safely, but also
cannot get through the intersection before the light turns red without speeding up. When
the yellow light duration is set to the ITE yellow light change interval based on a design
speed lower than the speed limit, Type I dilemma zones are created for vehicles traveling
between the design speed and the speed limit. Drivers in a dilemma zone do not have
enough room to stop safely, and also do not have enough time to clear the intersection
before the light turns red without speeding.

The eastbound Cary Towne Blvd. and Convention Drive intersection under the 1991
signal plan is an intersection with such a dilemma zone. With a yellow light duration of
4.0 seconds and a speed limit of 45 mph, a driver needs to be at least 293 feet from the



intersection to perceive that the light has turned yellow and stop safely. Drivers closer
than this distance must continue through the intersection, but at 45 mph a driver can
travel only 264 feet in the 4.0 seconds that the light is yellow. (Standard NCDOT values
for perception time and deceleration rate have been used in this calculation.) Thus,
drivers traveling at the speed limit between 264 and 293 feet from the intersection at the
instant the light turns yellow can neither stop safely nor reach the intersection at the
speed limit before the light turns red. If drivers are required to completely clear the
intersection before the light turns red, the dilemma zone is even larger.

b) When the yellow light duration in a turn lane is set to the ITE yellow light change
interval based on the speed limit for vehicles traveling straight through, a similar Type 1
dilemma zone is created. Drivers in this zone are too close to the intersection to stop
safely, but because they have to slow down below the speed limit in order to turn safely,
the yellow light interval is not long enough to allow drivers to clear the intersection while

making a turn before the light turns red.

Such a dilemma zone exists at the northbound Cary Parkway and Kildaire Farms
intersection with the yellow light duration set to 3.0 seconds in the left turn lane. Drivers
approaching at the speed limit of 45 mph who are closer than 293 feet from the
intersection at the instant the light turns yellow cannot stop safely and must continue
through the intersection, but even if they do not need to slow to make the turn they can
travel only 198 ft at the speed limit before the light turns red. Slowing to make the turn
makes the distance that can be traveled in 3.0 seconds even shorter than 198 feet, so there
is a very large dilemma zone for drivers who plan to turn left at this intersection. Even for
drivers who have already slowed to 30 mph when the light turns yellow there is still a
dilemma zone in the region between 132 and 152 feet from the intersection.

This the day of November, 2011.

Elizabeth George

STATE OF OHIO

COUNTY OF

Sworn to and subscribed before

me this ___ day of November, 201 1.

Notary Public
My Commission Expires:
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THE PROBLEM OF THE AMBER SIGNAL
LIGHT IN TRAFFIC FLOW

Denos Gazis, Robert Herman, and Alexei Maradudinf

Research Laboratories, General Motors Corporation, Warren, Michigan
{Received November 27, 1959)

A theoretical analysis and observations of the behavior of motorists con-
fronted by an amber signal light are presented. A discussion is given of
the following problem: when confronted with an improperly timed amber
light phase a motorist may find himself, at the moment the amber phase
commences,in the predicament of being too close to the intersection to stop
safely or comfortably and yet too far from it to pass completely through the
intersection before the red signal commences. The influence on this
problem of the speed of approach to the intersection is analyzed. Criteria
are presented. for the design of amber signal light phases through whose
use such ‘dilemma zones’ can be avoided, in the interest of over-all safety
at intersections.

E LIVE in a difficult and ingreasingly complex world where man-

made systems, man-made laws and human behavior are not always
compatible. This paper deals with a problem peculiar to our present
civilization, for which a satisfactory solution based on existing information
and analysis is not available. The problem in question is that of the
amber signal light in traffic flow.

‘Undoubtedly everyone has observed at some time or other the occur-
rence of a driver erossing an intersection partly during the red phase of
the signal cycle. There are few of us who have not frequently been faced
with such a decision-making situation when the amber signal light first
appears, namely, whether to stop too quickly (and perhaps come fo rest
partly within the intersection) or to chance going through the intersection,
possibly during the red light phase. In view of this situation we were led
to consider the following problem: can eriteria presently employed in
setting the duration of the amber signal light at intersections lead to a
situation wherein a motorist driving along a road within the legal speed
limit finds himself, when the green signal turns to amber, in the predic-
ament of being too close to the intersection to stop safely and comfort-
ably and yet too far from it to pass through, before the signal changes to
red, without exceeding the speed limit? From experience we feel that
a problem exists, and we ask if it is feasible to construct a signal light
system such that the characteristics of a driver and his car, the geometry

1 Permanent address of the last-named author: Institute for Fluid Dynamics
and Applied Mathematics, University of Maryland, College Park, Maryland.
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of the road and intersection, and the law are all compatible with one
another.

Some thought has already been devoted to this question!"¥ but it is
our opinion that the problem at hand does not appear to have been thought
through deeply enough as a problem in operations research nor does it
appear to have been supported adequately by published observational and
experimental data. It is our intention in this paper to contribute toward
the understanding of this situation. First, we derive and discuss some
simple relations between car speed, driver decision and reaction time, the
parameters of the road and intersection, and the duration of the amber
signal light. The results of measurements of the duration of amber signal
lights, driver decision plus reaction time, and other parameters entering
into the theoretical discussion are next presented. Finally, we discuss the
experimental results in the light of theory and the traffic codes of cities
and towns throughout the country.

We are well aware that there may be practical difficulties involved in
incorporating the results and conclusions of an analysis such as ours into
the practical planning of traffic systems, and we do not consider such prob-
lems here. 1t is our hope, rather, that in pointing out the existence and
nature of the amber-signal-light problem we may stimulate others to
pursue it further and make certain that the driver is confronted with a
solvable decision problem. We are, of course, also motivated by the
desire to contribute effectively toward the improvement of over-all driver
safety and, in this case specifically, safety at intersections.

ANALYTICAL CONSIDERATIONS

WEe consIDER the traffic situation depicted in Fig. 1, in which a car travel-
ing at a constant speed v, toward an intersection is at a distance z from
the intersection when the amber phase commences. The driver is then
faced with two alternatives. He must either decelerate and bring his car
to a stop before entering the intersection or go through the intersection,
accelerating if necessary, and complete his crossing before the signal turns
red. In these cases his acceleration or deceleration will begin at a time
d; or & after the initiation of the amber phase, respectively. These time
intervals &; measure the reaction time-lag of the driver-car complex as well
as the decision-making time of the driver.

In order to carry out a mathematical investigation of the problem we
assume a constant acceleration @; in the case of crossing the intersection,
or a constant deceleration @, in the case of stopping before entering the
intersection. If, furthermore, the effective width of the intersection is
denoted by w, the length of the car by L and the duration of the amber
phase by r, the following relations can be derived:
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1. If the driver is to come to a complete stop before entering the inter-
section, we find that
(Sb""-ﬂo 62) = 902/20'@. ( 1 )

9. If the driver is to clear the intersection completely before the light
turns red, we must have

(z+wtL—2 al) <0 (r8)+ Y ar (1—&)% (2)

It is to be noted that the effective width, w, used in the preceding equation
is meant to denote the approximate distance between a painted stopping
Jine or a building line and a ‘clearing line’ whose position is necessarily
somewhat indefinite because of the geometry of real intersections.

STOPPING CLEARING
( LINE UINE )
T——ad

. —
[l x ——e— v T
e

Fig. 1. Geometry of an intersection showing distances to be covered by
a car of length L in the two alternative cases of going through and stopping
hefore the intersection.

Equations (1) and (2) can be used for the discussion of the two alterna-
tives and their ramifications. Thus, solving equation (1) for @, we obtain,
assuming the equality sign,

=15 w’/ (%0 82). (3)

Equation (3) gives the (constant) deceleration needed in order to bring
the car to a stop just before the intersection as a function of the distance
of the car from the intersection at the initiation of the amber phase. We
see that ae becomes infinite for £=uve &, as it must. However, even for
values of = greater than v, 8, the deceleration given by (3), while finite,
may be so large as to be uncomfortable to the driver and his passengers,
or may be unsafe under the prevailing road conditions, or even physically
impossible. Therefore, assuming the existence of a maximum decelera-
tion as* by which the car can be brought to a stop before the intersection
safely and comfortably, equation (1} definesa ‘critical distance’, namely,

a:,,.= Y 52+002/20/2.*- . (4)
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If x>z, the car can be stopped before the intersection, but if =<z, it
will be uncomfortable, unsafe, or impossible to stop. We note that this
critical distance is independent of the duration of the amber phase, =, and
depends only on the characteristics of the driver-car complex. The re-
quired deceleration is plotted. versus distance in Fig, 2.

Turning, now, to the second alternative, namely, going through the

A

Qaz

a,

Dy

@, and a,

™\

a

o e i o] o e

o _
|

/ % o x .
/

Fig. 2. Variation of the deceleration required in order to stop before the
intersection, ay, or the acceleration required to clear the intersection, a1,
versus the distance from the interseciion, . The g-intercept of the a;
versus x lines defines & distance z which is the maximum distance, apart
from the width of the intersection and the length of car, which can be
covered without acceleration during the amber phase.

intersection, we solve equation (2) for ay, assuming the equality sign, and

obtain
=2 z/(v—8)"+2 (w+L—u v)/(+—&)> (5)

Equation (5) gives the (constant) acceleration needed in order that the
car may clear the intersection just as the signal turns red, as a funetion
of the distance % of the car from the intersection at the start of the amber
phase. For various values of the parameters involved, equation (5)
represents a family of straight lines in the z,a;-plane with slope

day/de=2/(7—8§)%, (6)
and intercept on the z-axis,
zo=vor— (w+L), (D

The quantity % is the maximum distance the car ean be from the inter-
section at the start of the amber phase and still clear the intersection
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without acceleration during the amber phase. The position of z, with
respect to #., and the character of the line represented by equation (5),
determine whether or not the duration of the amber phase has been ade-
quately designed, taking into account the requirements of the law and the
physical ‘boundary conditions’ of the problem. Thus, if ;> %, the driver,

TR

e
\ \ \\ 7 ,40 ///
& /

4 \ \j@ \-—-._.__ _’_‘/ . _.—"/
= ] i
R W
b i /

=

vo (mph)

Fig. 3. Variation of the minimum amber-phase duration, rmi, which is
required in order that there be no dilemima zoxe, versus constant approach
speed, vg, for various intersection widths plus car length, W, (The constant
deceleration is assumed to be 16 ft/sec?.)

once past the critical distance ., can clear the intersection before the signal
turns red. If, however, 7<%, a driver at a distance x {from the intersec-
tion such that zo< <z, will find himself in a very awkward position if the
amber phase begins at that moment. He eannot stop safely and hence he
has to attempt to go through the intersection. From Fig. 2 we see that
he can achieve this only by accelerating. 1f, however, v, happens fo be
the maximum allowable speed, the driver will find himself in the following
predicament. He can neither bring his car to a stop safely nor can he go
through the intersection before the signal turns red without violating the
speed limit. ‘ '

There is an even worse possibility, which is realized for even shorter
valuesof . Thisis the case where z, <z, and the slope dea/dx 1s sufficiently
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large that the line represented by equation (5) intersects a line a,=a*,
where @;* is a maximum possible acceleration, at a point which has an
abscissa z, smaller than z.. Then, for T <2 <%, 4 driver cannot stop
safely and he cannot clear the intersection before the injtiation of the red
light phase even if he is willing to utilize all the power resources of his car
while violating the speed limit.

[ \\ \ F4
7
] // /
\ 7 \,L_-///
OO
\\ & £ — //
4 5 /// /
_ \ \'—7'-/ - """'// /
g ‘0|. -
q!;‘ 3 \/'t\qo& 7~ '// /
. \/_/ ‘\4“\
fx .é’/'/ \6‘9'\
2 %}Q} g}\“ﬂ
s/ S
c5—-/ o
L1 ~ 0 =107 t /sec 2= Yog
/ 7
rd
/
/
09 10 20 30 0 50 &0

vo (mph)

Fig. 4. Variation of the minimum amber-phase duration, rm;,, which is
required in order that there be no dilemma zone, versus constant approach
speed, ve, for varions intersection widths plus car length, 7. (The constant
deceleration is assumed to be 10.7 ft/sec?.)

It may be pointed out that this maximum possible acceleration depends
on the approach velocity »,. It is well known that the higher the velocity
of a car the lower its accelerating capability. Thus.an average good car
can have an acceleration of as much as 14 g starting from rest, but only
about 0.08 g when traveling at 656 mi/br.f (Note that g is the earth’s
gravitational acceleration.) .

Let us now discuss the design of the duration .of the amber phase,
From the graphical representation of Fig. 2, we see that the minimum

T We are indebted to M=r. Joserpu BipweL for furnishing us with the experi-
mental data on the accelerating capability of a car as a function of its speed.
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TABLE I 7
COMPARISON OF QBSERVED AND CALCULATED AMBER-PHASE DURATIONS

Theoretical 7min: eq. (5}

Speed Approxi- Dura- | a:*=r0.7 @t = 16

limit mate effec- tion of ft/sec? i ft/fsec®
Street Cross street ., |[tive width o
(mi/ ‘ amber
hr) of inter- | o B

section | P = l&h=|bh= &=

1.14 | o735 | .14 | 075

sec sec | sec | sec
South of Main Catalpa 25 . 6o 2.7® | 4.01 | 4.52 | 4.33 | 3.94
North on Mound Chicago 30 45 3.4 5.25 | 4.86 | 4.50 | 4.17
East on Chicago . | Van Dyke | 30 | 80 4.0 5.36 | 4.97 | 4.67 | 4-28

North on Woodward | Calvert - 30 —m 3.6 — - — —
East on 11 Mile Van Dyke | 35 55 3.4 4.0 | 4.51 | 4.10 | 3.71
West on 14 Mile Southfield | 35 6o 6.8 5.00 | 4.61} 4.20 | 3.81
South on Woodward | g Mile 35 8oto 4.5 5.30 | 5.00 | 4.59 | 4-20
- 120 6.16 | 5.77 1 5-36 | 4.97
North on Woodward | Savannah -| 35 65 3.85 | 5.10 | 4.75. | 4-30 | 3.01
North on Mound 13 Mile 40 50 3.6 s.00| 4.61 | 4.09 | 3.70
West on Chicago Van Dyke | 40 | 8o 4.0 5.51 ) 5.12 | 4.60 | 4.21
West on 8 Mile Ryan 40 7o 3.9 5.34 | 4-95 | 4.43 | 4-94
North on Van Dyke | 12 Mile 40 8o 4.1 5.5E | 5.12 | 4.060 | 4.21
East on 12 Mile Van Dyke | 45 65 4.0 5.44 | 5.05 | 4.41 | 4.02
North on Woodward | 11 Mile 43 80 3.44 | 5.67 [ 5.28 ) 4.64 | 4.25
North on Woodward | Lincoln 43 75 3.75 | 5.50 | 5-20 | 4.56 | 4.7
South on Van Dyke | Chicago - 50 70 3.8 5.74 | 5-35 | 4.60 ] 4-21

@ Two values of the time lag 3, were assumed. One of them is the observed average 1.14
sec and the other a lag of o.y5 sec frequency assumed as a minimum. A car length was
* taken as 13 it to be conservative. Two values for the maximum deceleration a.* were as-
sumed. One of them is equal to 34 g which is feasible but is 2 fairly high decelera-
tion not desirable in normal driving. The other one is equal to Y4 g, which corre-
sponds to a very hard stop. (Note thato6g is about the absolute maximum deceleration
under ideal conditions.) :

& The amber phase here was measured at about z.r sec prior to a modification in the
signal cycle. We have been informed of an even shorter amber phase of only about
1.5-sec duration at an intersection in California where an individual received a ticket
for being in this intersection on the red signal.

amber-light duration, denoted by 7min, Which guarantees the safe execution
of either one of the alternatives of stopping or going through the inter-
section without accelerating, corresponds to zo=x.. Hence
Tmin= (z+w-+L) /ve, (8)
and, using equation (4),
Tmin =82+ 14 v/ 2%+ (w+L) /0. o (9)
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A simple numerical example will show.the magnitude of the quantities
involved. Assuming v,=45 mi/hr=66 ft/sec, @m*=0.5 g~i16 ft/sec’
=1 sec, w==65 ft, and L=15 ft, we find 2,=202 ft and rp, —4.98 sec.
It may be noted that the length of the car, L, is added to the effective
width of the intersection, w, in order to determine the length of travel
through the intersection. The length of the car contributes the quantity

6

5 /
==

—

u,*=16 ft /sec? =~ Vhg

2

20 10 &0 80 160 120 140
W (1)

Fig. 5. Variation of the minimum amber-phase duration, reia, which is

required in order that there be no dilemms zone, versus the intersection

width plus ear length, ¥, for various values of the constant approach speed,
to. {The constant deceleration is assumed to be 16 ft/sec?.)

L/vy in the computation of 7mi,. This means that the required T, is
substantially longer for vehicles such as long trucks, buses, or vehicles
with trailers, even assuming that these vehicles can stop with the same
maximum deceleration a,* as shorter ones. One may retort that traffic
signals should not be designed for these ‘unusual’ cases. However, these
unusual vehicles are allowed on the highways, and if the design of the
amber phase does not take them into account then the questions raised in
the introduction regarding the compatibility of Iaw and physical character-
istics become even more acute.

Returning now to the expression for rmi, given in equation (9), we use
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this result 10 plot Tmin Versus % in Figs. 3 and 4 for various values of the

parameter
W=w+L (10}

and for two values of the maximum deceleration a.*, namely, 34 g and 24 ¢.
(For comments on the magnitude of these decelerations, see the first

b
P =
0 /-./‘/
j//,?/

T min — &8, (set}

a,* =107 ft/sec? =lig

a 20 40 60 80 100 120 140
W ()
Fig. 6. Variation of the minimun amber-phage duration, 7mia, which is
required in order that there be no dilemma zone, versus the intersection

width plus car length, W, for various values of the conatant approach apeed,

vo. (The constant deceleration is assumed to be 10.7 ft/sec.)

footnote in Table I, as weil ag reference 2, p. 68.) The minima of the ..
various curves correspond to values of the approach velocity v, assumed
equal o the speed limit, which would minimize rmin for a given value of W.

From equation (9) we have

aTmin/avu: 1/2(12*—'W/902, (11)
and d7min/dv=0 for th= V2 e W. (12)

Hence the absolute minimum length of the amber phase is given by
min{ 7min) =82+ V2 W/a*. (13)
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Figures 5 and 6 contain plots of (7min—8) versus W for different values of
the approach velocity w, and for the same two values of * as in Figs. 3
and 4. Equation (9) yields a family of straight lines in the plane (7min—8:)
versus W. The envelope of these lines corresponds to min(rqin) as given
by equation (13).

The foregoing discussion is illustrated in Fig. 7, where each of the two
shaded zones precludes one of the two alternatives of stopping or going
through the intersection. Thus, a car at a distance from the intersection
smaller than z. cannot stop safely, whereas a car at a distance greater

STOPPING LINE
CANNOT STOP

DILEMMA
ZONE

Fig. 7. Schematic diagram showing the ‘dilemma zone’ near an intersection.

than z; cannot go through the intersection without accelerating before the
light turns red.

As mentioned already, when o<z, the driver is in trouble if he finds
himself in the region z) <z <z., which in the sequel will be referred to as
the ‘dilemma, zone.’

The preceding arguments have been established on the assumption
that the approach speed of the motorist is equal to the speed limit so that
he cannot accelerate to clear the intersection without exceeding the speed
limit. It is possible, however, that even if the amber phase is improperly
set so that a dilemma zone exists for an approach speed equal to the speed
limit, & motorist may, under certain circurnstances, avoid encountering
such a dilemma zone if his approach speed is smaller than the speed limit.
This is so because the critical distance, z,, decreases rapidly as the approach
speed decreases. On the other hand, if the driver is at a distance from the
intersection slightly larger than this reduced z. when the amber-light phase
beging he may be able, under certain circumsfances, to clear the intersee-
tion within this phase by accelerating until he has reached the speed Hmit
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and then proceeding through the intersection at this speed. An example
of this ease is illustrated in Fig. 10, which is discussed a little later.
If we assume that the driver’s acceleration from v to »: (the speed

300 |— /
/
v =66 H /sec /// :
W="98 ft /// /
250 |— T=3.44 sec ////
§;=1.4 sec /// /
114 iy
§,=¢ 0.95 sec ////
200 - 0.75 iy
04 == (16-9.6y) ft /sec? / ~
ty*=16 ft /sec? k=125 /',"’
— &,=1.14 sec” é//;/
E - ’,.
:; 150 8,= 035 /// ’/
- d,= 075 // 4
s v
SRTY ] I k=100
- DILEMMA ZONE
xl
50—
%o
. | | | | L,
0.7 0.50 075 100 125
/"’ —
i y=v /vy
e
-sof

Fig. 8. Northbound on Woodward Avenue at 11 Mile Road. Variation
of the critical distance, 2., and the maximum distance which can be covered
within the amber phase duration, 7o, versus the ratio of the approach speed
to the speed limit, y=vo/3;. 1t is assumed that in erossing the intersection
the car may accelerate up to a speed not in excess of kv

limit) is constant and equal to ai, the equation which replaces equation
(2) is

Vo b1 W (v =20 ) 201} oy [r— 81— (vi— %)/ @)
o for =& (vi—w)/a,
Tg= )

B 1t 51—W+b’o (‘r— 31)+(% Gl) (1"—51)2
, for T=5+(vi—vd)/ ey

(14)

R
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where W is given by (10) and z, is the distance of the car from the inter-
section at the moment the amber phase commences. It is assumed that
the car just clears the intersection before the light turns red. Rewriting
(14) to give zo as a function of y=1vo/v;, where 0=y=1, we obtain .

—Wtv r—o 8 (1) — (2./2a1) (1 ~3)* _ -
: for 728 (vi/a)(1~y),
= ) (}.5)
—W+15 ai(r—8) v 7y for r=8— (vfar)(1—y).

Equation (1) remains unchanged, so that
T.=8 v; y+ (v,°/2a,*) o/ (16)

For simplicity we assume that §;=6= 1.14 sec (see the following sec-
tion), while a;*=134 g=16 ft/sec’. The (constant) acceleration o s,
however, a function of the car speed at the moment when the car begins
to accelerate. An analytic expression for this speed dependence of a,
which fits the experimental data adequately ‘endugh for our purposes is

_J(16—0.145 1) ft/sec® for 0=Zvp=110 ft/sec,
“1(”")‘{0 ' for o >110 ft/sec, an

where vy is given in ft/sec. We assume, for simplicity, that a car traveling
at an approach speed v can maintain a constant aeceleration oy, as given
by equation (17), for a length of time of the order of r. It should be
noted that there are marked differences in the dynamie characteristics of
various cars with regard to acceleration. The preceding equation gives
an acceleration which is on the high side and is applicable to the high-
powered modern .car, Low-powered cars develop considerably lower
accelerations, particularly at high speeds. If one were to assume lower
accelerations, the problem of the dilemma zone would be aceentuated.

Using equations (15), (16), and (17), we have plotted z; and z, as
functions of y for three different intersections in Figs. 8, 9, and 10.

The curve for 2 has a straight segment, corresponding to the second
expression in (15), and a curved segment corresponding to the first ex-
pression. These two segments are tangent at the point v, satisfying the
equation :

1“‘_7}:—(7—‘51)(01/#1) =), (18)
Hence, in view of (17), we have
yi=[1—16 (r—8) /o/[1—0.145 (r—&)],  (19)

where speeds are given in ft/sec and times in seconds.
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From Fig. 7 we see that there is no dilemma zone if 20> z.; of the situa-
tions depicted in Figs. 8-10 we see that in only one case, namely, that
shown in Fig. 10, is there an absence of a dilemma zone, and this is 5o only
for 0.15<y<0.57. This means that at this particular intersection a car
traveling at the speed limit of 65 mi/hr would encounter a dilemmas zone
of 106 ft, approximately six carJengths, at a distance of 286 ft from the

A
20—
ve=44 ft /ser
W=93 ft ;
Bo— T=34 sec e
6,=95,114 s yd
= ay = (16-6.4y} ft /sec2 /// )
. a,*=16 ft /sec?
i k=125
= .
» S// '—/
DILEMMA ZONE
S
0 ¥ f_,
025 _~x; 050 0.75 i.00 125
a" N
w - y=vo/vg
.'//’
iy

Fig. 9. Northbound on Mound Road at Chicage Road. Variation of the
critical distance, z., and the maximum distance which can be covered within
the amber-phase duration, zs, versus the ratio of the approach speed to the
speed limit, y=vo/m. If is assumed that in crossing the intersection the
car may sccelerate up to a speed nof in excess of ku.

intersection. On the other hand, if the speed of the car is 37 mi/hr or
lower, no such zone exists. It need hardly be pointed out that under
ordinary driving conditions a speed of 37 mi/br on a highway with a 65
mi/hr-maximum is unrealistic, and quite possibly dangerous,

From the preceding discussion we ascertain that if one were to assume,
for low-powered cars, accelerations lower than those given by (17), the
values of z; would be reduced considerably and the dilemma zones in-
creased in the entire range 0=y=1. :

Approaching an intersection at a speed lower than the speed limit is
one facet of defensive driving. It is seen from the preceding discussion

P
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that this in itself is not always suffieient to obviate the dilemma-zone
problem.  Another facet of such defensive driving consists of the maneuver
of coasting toward the signal light with one’s foot readied on the brake.
The advantage, in this case, which comes from shortening the reaction

5004— /]
/
/

450 - /
v;=953 ft /sac //

400 — w=83fi . /
T=187 sec /
0,=48,=1.14 se

30— o, =(16-13.82y) ft /sac ? A
0,* =16 ft /s8¢ ? &

2 /2//‘1

300 — \‘3’/_/

— S

x \.’@
o x

; 7501— 4 //\.

= DILEMMA ZONE h

= Xy

m —y

150 -

106 —

50—
o | I 1 | i
’ 025 0.50 6.75 1.00 g 1.25
y=vg/¥, >
-0

Fig. 10. Northhound on Stephenson Highway at 15 Mile Road. Vari-
ation of the critical distance, z., and the maximum distance which can be
covered within the amber-phase duration, zs, versus the ratio of the ap-
proach speed to the speed limit, y=vo/t. It is assumed that in crossing
the intersection the car may accelerate up o a speed not in excess of ky,.
The value of £=1.157 corresponds to the maximum speed of 110 ft/sec ac-
cording to equation (17).

time, is reflected in a decrease of the critical distance z.. The improve-
ment, which is by no means an absolute cure, can be seen from the curves
plotted in Fig. 8 for two values of &, other than the observed average. Such
defensive driving, however, should be used with discrimination and great
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_caution 'wheén' approaching intersections in a high-density traffic pattern
since it may induce a rear-end collision—a prominent type of accident in
traffic today. ' '

- ~Many drivers take the attitude that there is nothing sacred about the
speed limit! Suppose one, starting with an initial speed vo=1yv;, where
v; is again the official speed limit, accelerates to a final speed equal to or
less than v, given by

v =kv. (E>1) (20)

The analysis already carried out can be applied to this case on the assump-
tion that the ‘effective speed limit’ is v/ =kv; and the initial speed
vo=y'v = (y/k} v{. (0sy'£1) (21)
The z, versus y curve obviously does noi_i change. The ordinate of the
7y Versus y curve at y'=1, i.e,; at y=~k, is '
*= —W v k. (22)

In Figs. 8 and 9 we have plotted with dashed lines the curves of
corresponding to ‘effective speed limits’ equal to 1.25 v (le., E==1.25).
Similarly in Fig. 10 we bave plotted with a2 dashed line the curve of xq for
k=1.158. This value of k corresponds to an ‘effective speed limit’ equal

to the assumefd maximum possible speed of 110 ft/sec (75 mi/hr), accord- -
ing to equations (17). Again, these curves are made up of two segments, .

one straight and one curved, which are tangent al the point
' =[k—16 (r—&)/nl/[1—0.145 (r—d)] (23)

The straight ‘segment is an extension of the one already plotted on the
basis of the second expression in (15), which is independent of the effective
speed limit. ' ; _

Trom these figures we see that even if the driver is willing to accelerate
to speeds greatly in excess of the speed limit, he still cannot eliminate the
dilemms zone.

With regard to the length of the dilemma, zone, the following additional

"remark can be made on the basis of the preceding discussion. If a driver
encounters a dilemma zone, the maximum possible distance of the rear
bumpet of his car from the clearing line of Fig. 1 at the moment the red
phase commences is equal to the length of the dilemma zone. - This maxi-
mum distance is realized if the driver is just past z. when the amber phase
commences. Now, if the indecision zone is greater than the effective width
of the intersection plus the car length, W, the driver may even have to
enfer the interséction during the red phase. From Fig. 10 it is seen that
this may bappen, at the intersection under consideration, to & driver who
approaches the intersection at the speed limit and does not want to exceed
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this limit, since in this case the dilemma zone of 106 ft is greater than
W=83 ft.
OBSERVATIONS

In ORDER TO compare the theoretical results of the preceding section with
physical reality the following kinds of observations were carried out on

30
[ AVERAGE OF 87
5 OBSERVATIONS
<6 ,>-_—I.M sec.
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Fig. 11. Histogram showing the observed frequency of occurrence of
various intervals of decision and reaction time in braking, &, in a total of 87
measurements.

the manner in which people actually drive and the pattern in which amber
signal light phases are in practice set:

1. Duration of amber-light phase.
2. Motorists’ braking reaction time (including the decision time and the re-

action time lag). s

3. Average number of motorists per cyele who run through the red light.

4. The dimensions of the road and intersection together with the posted speed
limit.

3. Traffic density.

6. The effective critical distance z..
Most of the observations were made at street intersections within about a
{ifteen-mile radius of the General Motors Technical Center. It was net
our intention to make our data exhaustive, but we feel that encugh measure-
ments were made so that fairly definite conclusions based on them could
be drawn.
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We begin by presenting in Table I a sampling of the data obtained on
amber-signal-light times, speed limits, and approximate intersection widths,
at a number of intersections, together with theoretical values of the mini-
mum amber-light phase, 7uis, calculated from equation (8) using two values
of the maximum deceleration and two values of the braking reaction time.

TABLE IL
OBsERVED AND CAICULATED CRITICAL DNSTANCE, X.

Street Cross street | Speed fimit |Effective z. The:ret;cam
{e*=o0.5g)
North on Woodward Avenue Lincoln 45 mi/hr 163 ft 211 0t
West on 8 Mile Road Ryan 40 145 74
North on Woodward Avenue 1i Mile Road 45 185 211

In measuring the drivers’ braking reaction. time, an observer was sta-
tioned near a given intersection at a distance somewhat greater than the
estimated z.. The observer would then arbitrarily choose a car in the
interval between himself and the intersection and would measure the time

TABLE TIX
Trarric Frow AND PEr Cunt Trarric-LicaT VIOLATIONS

A
Number num‘ﬁzrl:agrs l:,efr;:?t
Strect Crossstroet | TS Cidon| Vhrongh | pubming e

per cycle ;e:i Scytg:,}zl red sigeal

North on Woodward Avenue Lincoln { 62.3 -2 1-03 3:75
53-8 0.8 .49 | 3-73

West on 8 Mile Road Ryan 42.1 a.7 1.66 3.0
North on Woodward Avenue 11 Mile Road 54.5 .z 2.20 3.49
North on Woodward Avenue Woodland 1.6 0.5 0.55 | 4.23
North on Woodward Avenue Sylvan g5.I 0.1 0.11 4.69
North on Woodward Avenue Webster 46.1 ©.4 .87 3.67

interval between the moment the amber signal came on and the moment
when the red brake tail light flashed. The distribution of such delay times
is plotted in Fig. 11 on the basis of 87 observations. The mean delay time
was found to be 1.14 seconds:

The determination of an average effective z, was carried out using the
following criterion: it is the closest distance at which a car can be from the
intersection, when the amber signal commences, and still be capable of
stopping before entering the intersection. Measurements of this quantity
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were made at several intersections and the results are shown in Table II
together with the theoretical values calculated from equations {(4). The
observed x. was in general a little smaller than the theoretical z. corre-
sponding to the speed limit of the observed intersections. This was
probably due to the fact that the traffic was moving, on the average, a
little slower than the posted speed limit, since our observations were made
duwring the heavy traffic of the rush hour.

Finally, we measured at a few intersections the average number of
cars that ran through the red signal per signal light cycle during rush
hour traffic (4:30-6:00 p.m.), together with the average number of cars
that pass through the intersection per signal light cyele. These results
are shown in Table IT1.

The preceding pertains to a single traffic light. Analogous results
may be obtained for two closely spaced traffic lights, as in the case of cross-
ing of a divided highway. However, this cage is rather complicated and
will not be discussed here. There are other variations to the problem of
the dilemma, zone such as the case of a vehiele approaching an intersection
at slow speed with the intention of making a turn. This is a case of known
practical difficulty and some information can be obtained from the present
analysis with w taken equal to the distance traversed while turning.

Some additional data regarding the amber-light phase were obtained
from three other cities, namely, Washington, D. C., Silver Spring, Mary-
land, and Los Angeles, California. On the average, the amber-light phases
were slightly shorter in Los Angeles and slightly longer in the Washington,
D. C., area, relative to those in the Detroit area. There are no significant
differences, and the conclusions of this paper will apply in those areas also.

DISCUSSIONS AND CONCLUSIONS

Tux Uniform Vehicle Code of the National Committee on Uniform Traffic
Laws and Ordinances™ gives the following definition for the purpose of
the amber signal light:

Vehicular traffic facing the signal is thereby warned that the red or ‘Stop’ signal
will be exhibited immediately thereafter and such vehicular traffic shall not enter
or be crossing the intersection when the red or ‘Stop’ signal is exhibited.

Most of the traffic ordinances throughout the United States that we have
seen have followed this definition with slight variations such as the omission
of the phrase “or be crossing (the intersection)....” Some ordinances
make an attempt to provide an operational definition of the meaning of
the amber signal with definite instructions to the driver on how to behave.
A typical example of such an ordinance is the following:
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Vehicular traffic facing the signal shall stop before entering the nearest crosswalk
at the intersection, but if such stop cannot be made in safety, a vehicle may be
driven cautiously through the intersection.

Both definitions, of course, assume that the signal has been ‘designed
properly so that the driver can behave as directed and in general can solve
the decision problems he encounters. It is interesting to note that the
Manual on Uniform Traffic Control Devices for Streels and " Highwayst!
makes the following siatement: :

Confusion has frequently arisen from the misuse of this yellow lens. When the
length of yellow vehicle-clearance interval is correct, and the standard meaning
above deseribed? is generally observed, necessary functions of warning and clearing
the intersection are performed by this interval. ‘

This is a reasonable statement to which we, of course, subscribe. Our
investigations show, however, that out of approximately 70 intersections
studied, only one had an amber phase long enough to prevent an appre-
ciable dilemma zone, i.e., a zone longer than about one car-length, if one
assumes 8 ‘comfortable’ deceleration of 34 g and a decision and reaction
time-lag equal to our measured average of 1.14 sec. Even if one assumes
the very large deceleration of 14 ¢ and a decision-reaction time lag of
0.75 sec, only four out of the 16 typical intersections of Table I yield a
dilemma zone smaller than one car-length. Out of these four, one, namely
the sixth zone in Table I, gives no dilemma zone at all and is the only such
intersection cbserved in the area. :

The fact that almost all the interseetions have sizeable dilemma zones
is reflected in the data of Table TTI, which indicate that at the intersections
studied as many as two cars went through the red light per light cycle,
with an average of close to one car per cycle. It istrue that in none of the
observed cases did there appear to be any distinet possibility of an accident.
However, the fact remains that an average of eleven out of every thousand
cars were very much in the middle of the intersection when the red signal
started, in violation of the Uniform Vehicle Code. This leaves them open
to the possibility of receiving a traffic eitation from an assiduous police
officer. We might mention here that we were rather surprised to discover
a traffic ordinance that made no distinction whatsoever between the yellow
and red lights. The instruction regarding both was that “Vehicular traffic
facing the signal shall stop before entering the nearest crosswalk at the
intersection,” a requirement which is clearly impossible to obey under
many circumstances. It is interesting to note that in a state-issued driver-
instruction pamphlet we again find that the amber and red lights are infer-

t The standard meaning referred to is precisely that quoted above as due to the

Uniform Vehicle Code of the National Committee on Uniform Traffic Laws and Or-
dinances. (4]
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vreted alike without regard to the operational problems considered here.
The same pamphlet instructs the-drivers to . . . drive a reasonable speed
which will allow me to stop when the amber light comes.on.” The analysis
given in this paper clearty shows that even reduction of speed and defensive
driving when approaching an intersection does not necessarily eliminate
the dilemma zone problem if the amber phase is inadequate.

The problem of determining the proper duration of the amber phase of
the light eyele is perhaps more difficult and complicated than may appear
at first sight. In this connection we quote MaTson, SmiTH, AND Hyurp:!
“In urban areas where speeds are relatively low, yellow lights of about
3-sec duration are satisfactory at most locations. At rural, bigh-speed
locations where stopping time may have a duration of 5 to 8 sec, road users
tend to attempt to clear the intersection rather than stop. Five seconds
is probably a practical maximum yellow duration in such loeation.”

We are aware of the fact that traffic engineers are inclined to shorten
the amber phase for various reasons. One of them, probably one of the
most important ones, is their conviction, undoubtedly substantiated, that
drivers are inclined to ignore a long amber phase and treat it as merely a
continuation of the green phase. They believe that as many drivers, if
not more, will go through the red light when the amber phase is too long,
as will do so0 if it is too short. However, we believe that it is the duty of
the traffic enginecers and the drafters of traffic ordinances to present the
average, honest, driver with a solvable decision problem. As it stands
now, a driver who is in the middle of an intersection when the red light
comes on may not be a deliberate violator, but may be the victim of an
improperly designed light cycle. It is true that accidents are in general
prevented because of some delay of approach of the cross traffic and also
by the judicious use of overlapping red cycles. This fact, however, does
not release the unwilling violator from the legal responsibility which may
become alarming in the case of an accident. On the other hand, with an
adequate amber phase it would be easier to separate the violators from the
nonviolators, ingofar as traffic is concerned.

We believe that a correct resolution of this problem may be found in
one of the following alternatives:

1. Design the amber-light phase according to some realistic criteria in order
to guarantee that a driver ean always be in a position to obey the law.

2. If the amber-light phases are to be kept short relative to criteria such as
determined herein, it may be desirable to state the vehicle code in such a way as
to make it compatible with the driver, car, road, and signal characteristics.

In either case it would be very advisable to educate both the driving
public and the law-enforcing agencies as to the exact operational definition
of the amber light. Needless to say, the fewer the variations of traffic
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ordinances in this respect, from one locality to anotber, the fewer the
chances of confusion. We wish to re-emphasize our hope that a well-
thought-out and operationally sound traffic and enforcement system, to-
gether with the healthy driver attitudes of a properly educated public,
will promote safer and more efficient driving conditions.
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~ Red Clearance Interval. The red clearance interval is an optional interval that follows a yellow change interval and precedes
the next conflicting green interval. The red clearance interval is used to provide additional time following the yellow change
interval before conflicting traffic is released.
MUTCD states that the red clearance interval should not exceed 6 see.”® The appropiate red time for the approach should
be calculated using the following formula found in ITE' Determining Vehicle Signal Change and Clearance Intervalz?

Ra={wsL)v

where
R = all red interval (sec.)
w = width of stop line o far side no-conflict point (f.)

v = design speed (ft./sec.)
L = length of vehicle (typically 20 ft.)

For exclusive turn movements, the value of w should be measured along the vehicle turn path from the stop line to the no-

conflict point.
The decision to use a red clearance interval is determined by intersection geometrics, crash experience,
approach speeds, local practices and engineering judgment.

pedestrian activity,

6. Left Tierns .
Three operational modes arc available when provisions for left curns are made in the phasing of a traffic control signal:

1. Permissive {permitted) mode only—in which drivers may tun left after yielding to conflicting traffic or pedes-
along with the parallel through movements. A separate left-turn lane is

trians during the circular green indication,
often provided but not required. No regulatory sign is required, but an informational sign may be used.
2. Protected (exclusive) mode only—during which left turns are permitted only when a left green arrow is dis-
a scparate lefi-turn lane is provided. If the

played. There is no conflicting vehicular or pedestrian traffic. Typically,
lefe-tum movement occurs when the adjacent through movement is shown a circular red indication, a separate

lefe-tuen lane must be provided.

A separate lefi-tuen signal face must be used where the signal sequence does not provide for the simultancous
movement of the parallel through traffic. The change interval display may consist of either 2 yellow left arrow or
that is, if the separate left-turn face pro-

a circlar yellow. The yellow indication must match the green indication;
ides a i i turn signal face provides a green left arrow,

When a separate signal face is used, it should be positioned in line with the wrning movement approach, A lef-
wrn signal sign (R10-10) is required unless the signal face consists of arrows only or unless it s propetly hooded,
shielded, or louvered to ensure that conflicting circular yellow or red indications are not readily visible to motorists

in the through lanes,

~ 3. Protected/permissive (exclusive/permitted) mode—a combination of both the protected and the permissive
modes whereby left rurns may be made during the green display as defined under the respective modes. Green

and yellow arrow indications are required for this type of operation,

The controller phasing for protected/| permissive mode is the most complicared of the three modes in chat it com-
bines the other two modes. Four distinct controller-phasing schemes are commonly employed:

* lead-lefi turn with parallel, non-conflicting through traffic;
* simultancous lead-left turns with no parallel through traffic;
¢ lag-left turn with parallel, non-conflicting through traffic; and

* simultaneous lag-left turns with no parallel through traffic,
Traffic Control Signals » 413



a head starc or the pedestrians can be held until the iniial queue of vehicles has been served. However, such controller
ect on vehicle flow and, if part of a system, on system capacity,

phasing may have 2 detrimental cffe
ng controller phasing for an intersection. The

‘The goals of traffic safety and traffic capacity must be balanced when determini
More in-depth discussion can be found in

following section describes the various components of controller phasing.
formational Guide, 15

the Manual of Traffic Signal Design and Signalized Iusersections: I

Green Interval. Ideally, the length of the green display on each approach to an intersection will be sufficient—bue
not excessive—to serve all the vehicles and pedestrians queued during the red interval. Several PC-based computer
programs are available to assist in determining the green incerval timing.

amount of green time must be determined and

For semi- or fully-actuared controllers, a minimum and maximum
values are derived from the analysis results of the

allocated for each phase and programmed inco the controller, These
timing software or other method of analysis used by the designer.

For pre-timed signal controllers, the length of the green display is based on engincering judgment. Traffic and pedes-
trian counts for a specific period of time are often used in determining the signal timing,

Yellow Change Intecval, The putpose of the yellow change interval, which is tequired to be the first interval following
every circular green or green arrow indication, is to ware approaching traffic of the terminarion of the related green
inrerval or that a red signal indication wil] follow (sec “Vehicle Detector Placement”).

MUTCD states that yellow change intervals should have duration of 3 to § sec.'®To determine the appropriate yellow
time for the approach, this should be calculared using the Kinematic Model—Formula 1 found in ITE's Determining

Vehicle Signal Change and Clearance Intervals:¥
Y=t+[v/ (2a+2Gg)}

where:
Y = yellow clearance interval (sec)

t= reaction time (typically 1 sec.)

v = design speed (ft./sec,)

2 = deceleration rate (iypically 10 f./sec.?

g = acceleration due ro gravity (32.2 f./sec?

G = grade of approach (percent/100, downhill is negative grade)

a deceleration element and an intersection clearing time. In view

The equation shown above includes 2 reaction time,
used in the formula, applying the formula

of the operational history of the yellow change interval and the assumptions
requires the exercise of engincering judgment.

ge interval to cnable a vehicle to clear the intersection before the onset of

- ‘ isplay. Other jurisdictions allow 2 conflicting green display to be shown before the intersection
is clcared‘. S:tlﬂ others allow a conflicting green display to be shown after the vehicles have cleared the center line of
the conflicting approach, Engineering judgment should be exercised in selecting the operation of the yellow change

interval to ensure safe passage of vehicles in the incersection.

“As can be seen from the formula above, slower speeds result in hi;t;her values of mclcarancc time. When calculat-

ing the needed time, consideration shogld be given to the values for the 15th-percentile speed, particularly ac wider

intersections.

Some jurisdictions time the yellow chan
a conflicting green d

rades will yield values that some drivers may consider excessive, Simply reducing the

The calculations for steep downg
lowering the approach speeds

interval times may create dangerous operating conditions, The engineer should consider
by reducing the speed limit or by the use of 2 warning beacon or other measures,
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Except as provided in Paragraph 4, the pedestrian signal heads shall continue to display a steady _
UPRAISED HAND (symbolizing DONT WALK) signal indication when the pedestrian hybrid beacon faces
xre either dark or displaying flashing or steady CIRCULAR yellow signal indications. The pedestrian

signal heads shall display a WALKING PERSON (symbolizing WALK) signal indication when the
pedestrian hybrid beacon faces are displaying steady CIRCULAR RED signal indications. The pedestrian

signal heads shall display a flashing UPRAISED HAND (symbelizing DONT WALK) signal indication
when the pedestrian hybrid beacon faces are displaying alternating flashing CIRCULAR RED signal
indications. Upon termination of the pedestrian clearance interval, the pedestrian signal heads shall revert
to a steady UPRAISED HAND (symbolizing DONT WALK) signal indication.

Option:

Where the pedestrian hybrid beacon is installed adjacent to a roundabout to facilitate crossings by pedestrians
with visual disabilitics and an engineering study determines that pedestrians without visual disabilities can be
allowed to cross the roadway without actuating the pedestrian hybrid beacon, the pedestrian signal heads may be
dark (not illuminated) when the pedestrian hybrid beacon faces are dark.

03

04

Guidance:
The duration of the flashing yellow interval should be determined by engineering judgment.

Standard:
The duration of the steady yellow change interval shall be determined using engineering practices.

05

06
Guidance:
The steady yellow interval should have a minimum duration of 3 seconds and a maximum duration of 6

o7
seconds (see Section 4D.26). The longer intervals should be reserved for use on approaches with higher speeds.

Sect. 4F.03 December 2009
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