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 I made on
Vanasse-Hangen-Brustlin’s comments. I 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 I did believe
what VHB claims. I did believe that traffic engineers meant for the yellow
change interval to be equal to the time needed for a vehicle to stop. I
certainly did not believe they actually intended it to be what the formula
says: half the time needed for a vehicle to stop. I believed that traffic
engineers had made an innocent math goof. I could not imagine
professional engineers making such a heinous mistake. My
misunderstanding of what traffic engineers meant does not make a
difference in my conclusion. The formula is wrong no matter what their
intention is. In my February 2010 paper, I gave traffic engineers the
intellectual grace that they couldn’t have meant what their formula means.
But in 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
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not know physics. They are playing with algebra without knowing its
physical implications.
The “2” in the denominator disqualifies the formula as an equation of
motion. That means trouble. (I’ll describe what trouble later.) And so to
bring my February 2010 Derivation paper rapidly to a close, I simply let my
paper end with “The formula is not an equation of motion.” A physicist
understands the implications of that in 15 seconds. ITE, IIHS and VHB did
not understand.
The Insurance Institute of Highway Safety (IIHS) reviewed by February 2010
Derivation paper. IIHS made the same mistakes as ITE and VHB. This is
when I realized that traffic engineers do not know the fundamental
concepts of physics. How can engineers get to be engineers without
knowing the fundamentals? The very definition of engineering in
Merriam-Webster’s dictionary is “applied physics.” Get the physics wrong
and you get the engineering wrong.
And so I published a new version of the Derivation of the Yellow Light
Equation in August 2010. This version did not start with the premise that
the traffic engineers meant for the yellow interval to be equal to the time
needed for a vehicle to stop. This version started out with the fact that
traffic engineers purposed to use an equation which violates the laws of the
universe. And since traffic engineers demonstrated that they do not
know what makes physics physics, the new version began with a basic
lesson on equations of motion. I described why equations of motion are
called equations of motion and what happens when one tries to describe
moving objects with equations which are not equations of motion.
In order to refute the engineer’s defense, “But the math works”, I
responded, “The math works for the math, but not for the physical
situation which the math is supposed to represent.” I used Copernicus’
model that planets orbit in circles around the Sun. While Copernicus’ math
for circles worked for circles, it didn’t work for planets because planets do
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not travel in circles but rather in ellipses. The math works but the math
does not apply to the physical reality of planets.
Also in the August 2010 edition of Derivation, I identified one of the
formula’s flaws: The formula makes drivers guess whether to stop or go.
Traffic engineers know of this problem and label it the outcome of drivers
being in an indecision zone (aka, type II dilemma zone). Engineers know
about the problem and have a label for it, but do not realize that their own
formula creates it. To engineers it is a mystery why the indecision zone
exists. Engineers blame it on aberrant human behavior. To physicists it is
obvious why the indecision zone exists: the formula is not an equation of
motion and no amount of human behavior can adapt to an equation which
is not an equation of motion.
After August 2010, it took me a whole year to identify the second problem.
This problem was far worse than the first. The second problem is a set of
nasty problems inflicted upon the driver, each problem a game of Russian
roulette. I identified that the formula forbids any driver to decelerate for
any reason before entering the intersection. The act of decelerating before
entering the intersection exhausts the yellow time. According to the
formula, drivers who are too close to stop safely must proceed to the
intersection at the maximum allowable speed. At the maximum allowable
speed! The formula does not apply to a driver who must decelerate under
the maximum allowable speed while approaching an intersection showing a
yellow light.
Therefore the formula forces many types of drivers to run red lights
including these: Turning drivers, drivers at two close-by intersections,
drivers at intersections near business entrances, drivers at intersections
with railroad tracks and defensive drivers. Turning drivers have to slow
down to execute a turn. Drivers approaching a yellow light at one
intersection have to slow down for the red light at the next nearby signal.
Defensive drivers slow down to make sure the coast is clear. Think of any
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situation where you have to slow down before entering the intersection.
In such a situation, the formula will set you up to run a red light.
As for defensive drivers, Julie O’Conner an attorney in Phoenix who handles
red light camera cases all over Arizona told me that over 80% of the red
light camera tickets go to senior citizens. That is not because seniors are
slower in reacting to yellow lights. Seniors simply slow down when they
see a yellow light. The formula penalizes that kind of behavior.
Traffic engineers know about this problem as well. They label it a type I
dilemma zone. Drivers who decelerate and enter the intersection suffer
the same fate as drivers subjected to yellow interval shorter than the
formula. They have no choice but to run a red light. A type I dilemma
zone is a region on the road where if a driver is in it when the light turns
yellow, the situation will force the driver to run a red light no matter what
decision the driver makes. There is not enough distance to stop. There is
not enough time to proceed legally without running a red light. A type I
dilemma zone is another result of the formula not being an equation of
motion.
What applies to indecision zones also applies to type I dilemma zones.
Engineers know about the problem but do not realize that their own
formula creates it.
B. VHB: “The equation is based on the work by Gazis . . . while minimizing the
dilemma zone.”
BC: VHB and Gazis admit the existence of the dilemma zone. Both confess
that the formula causes problems which have to be “minimized.” Gazis at
least understood that the engineer is the party responsible for creating the
dilemma zone which forces drivers to run red lights. Gazis called red light
runners entrapped by a dilemma zone “non-violators.”
I have no problem with Gazis. Gazis said that his own formula works only
for the straight-movement driver who can proceed to the intersection
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unimpeded. Gazis explicitly said in his own paper that his formula does not
work for turning drivers or drivers at two close-by intersections.
VHB, IIHS and every traffic engineer I have talked to never read Gazis’ paper
closely. Yet even in the absence of Gazis’ paper, VHB, IIHS and traffic
engineers are without excuse. Every engineer must understand physics to
know that the formula is not an equation of motion and because of that,
the formula has unforgiveable consequences. The requisites for equations
of motion have been explicitly quantified since 1687. Any college
freshman physics student knows them. Traffic engineers do not.
Engineering by definition is applied physics. Get the physics wrong and the
engineer malpractices his profession. Let me put traffic engineers on
notice. You are committing malpractice. This malpractice has become the
bread and butter of red light camera companies.
VHB: “The derivation of the equation . . . [ in Gazis’ paper] . . .”
BC: Gazis does not derive the equation. Gazis’ starting point for his
derivation of the yellow light equation is v2/2a, the braking distance. Gazis
does not show the derivation of the braking distance and Gazis does not
include grade in his version of the formula.

C. VHB: “Millions of vehicles travel on our nation’s roadways every day at
signalized intersections with yellow interval based on the kinematic
equation.”
BC: VHB offers this as proof of the success of the formula. But the
simultaneous existence of the continuous profitability of red light camera
companies, 100,000 injuries per year and 1000 deaths on our nation’s
highways are the proof that formula is not a success but a rampant failure.
While about 98% of drivers can make it through a signal cycle without
running a red light, 2% cannot. As opposed to VHB, IIHS and the consensus
of traffic engineers, I do not call a game of Russian roulette a success. The
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“kinematic equation” is not an equation of motion and therefore the word
“kinematic” is fraudulent physics.
D. VHB: “The kinematic equation used to determine yellow change intervals
is based on a sound application of equations of motion.”
BC: A false statement. One can say that the kinematic equation is based
on equations of motion but not a sound application of equations of motion.
The formula is by definition a misapplication of the laws of physics. By
mixing the physical properties of two disparate objects (braking and nonbraking cars) into one equation, the equation does not fully apply to either.
E. VHB quoting BC: “I searched the internet for a derivation [of the
equation], but I found none . . . . Not even the engineering books bother
to show a derivation. Every book and website take the equation for
granted and assume it is correct.”
VHB: “The widely-accepted kinematic equation suggested for determining
yellow change intervals first appeared in the third edition of the Traffic
Engineering Handbook is based on formative work by Gazis, et al. Their
derivation presented in the paper is the foundation for the kinematic
equation method suggested by ITE for the past 45 years.”
BC: VHB doesn’t want to admit they have never seen a full derivation
besides mine. As for what VHB said, I already knew that.
I still have the only full derivation on the internet. Still no book bothers to
show a derivation of the entire formula. No publication other than my own
shows in full detail where the entire formula comes from.
Gazis’ starting point is the braking distance. That is not where a physicist
would begin and that is what originally through me off. A physicist sees the
need to compute a time, not a distance. The first step Gazis took is off a
cliff. Nonetheless in my paper I derive the braking distance from the laws
of motion.
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In 1982 ITE added the acceleration due to the Earth’s gravity by grade term
(Gg) to Gazis’ formula. No publication shows where Gg comes from. I
derived Gg and put that in my paper. It comes from an application of F =
ma and a small angle approximation.

F. VHB quoting BC: “The creators of the official equation erroneously divided
both sides of the braking distance equation by the speed limit.”
BC: I thought that and I still think that. It is true. Dividing both sides of the
braking distance equation by the speed limit is an error. I thought that
because my original thesis was that “Who in their right mind would set the
yellow interval to the time it takes a driver to go?” Red means stop.
Yellow only exists for red. Therefore yellow should mean stop, not go.
Therefore you don’t divide by the speed limit.
G. VHB quoting BC: “Apparently ITE’s focus was on cars going through the
intersection, not cars stopping at the intersection.”
VHB: Gazis does both.
BC: Gazis does “stop”. Gazis does “go the speed limit”. Gazis does not
do decelerate and enter. There are cases 1, 2 and 3. All are equally
important. Gazis does 1 and 2 only. ITE applies Gazis to 3 but Gazis says
one cannot apply the formula to 3.
Gazis’ formula comes with utopic preconditions and assumptions. Even
Gazis admitted this right at the beginning of his paper. As for stopping, the
formula gives the driver who is farther from the intersection than the
critical distance the mandate to stop, assuming the driver knows within an
inch where the critical distance is from the intersection. As for going, the
formula gives the driver who is closer than the critical distance from the
intersection the mandate to go, assuming the driver knows within an inch
where the critical distance is from the intersection, and understands that
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he must proceed to the intersection at the speed limit unimpeded by other
cars or objects, whether that is possible or not.
The formula does not handle drivers who must slow down before entering
the intersection. Turning drivers, defensive drivers, drivers approaching
intersections close to other intersections, drivers approaching intersections
close to business entrances, drivers approaching intersections with
potholes, drivers approaching intersections with railroad tracks, drivers
slowing down for cars in front of them . . . all these people are victimized by
the formula. The formula forces all these drivers to run red lights.
H. VHB: “In the state of North Carolina, yellow change intervals must be
timed according to the traffic signal plan designed by the professional
engineer. The designing engineer is not required to use the kinematic
equation suggested by ITE and may determine the variables applied in the
equation or the full change interval based on engineering judgment. . . . SL
2004-141
BC: Incorrect.
A signed and sealed plan must meet the requirements of the NCDOT’s
“Guidelines for the Preparation of Traffic Signal & Intelligent Transportation
System Plans on Design-Build Projects,” 2009, p. 3. One of the
requirements in that Guide is adherence to the NCDOT Intelligent
Transportation and Signal Systems [ITSS] Unit Design Manual (page 1).
This ITSS Unit Design Manual contains Spec 5.2.2 which is the same
kinematic equation as in the old NCDOT Design Manual referenced by SL
2001-286. Therefore a traffic engineer must adhere to the kinematic
formula because it is in the Design Manual and both session laws directly or
indirectly point to it.
And if the traffic engineer doesn’t adhere to that kinematic formula and his
signal plan sets a time lower than the kinematic formula, then he violates
the laws of physics for what little physics the kinematic equation does
cover. A yellow value set less than the kinematic formula disables the
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driver’s ability to stop safely from the legally posted speed. The engineer
entraps the driver with a speed limit sign.
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