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SYNOPSIS 
This report presents a new method of securing accurate data on 

traflSc behavior by means of pictures and illustrates the use of such 
data in the development of a new formula for expressing the relation 
between the number of vehicles passing a given point, their average 
speed, and spacing 

From the position of a vehicle in two or more pictures taken at 
short definite intervals of time its velocity and acceleration can be 
determined A sixteen minute Simplex moving picture camera was 
geared for a constant time interval between exposures 

From 6,000 pictures of 794 vehicles the following expression for 
the spacing of cars whose speed is controlled by that of the leading 
car of a group was developed 

S = 21 + IIV 

wherein S is the distance center to center in feet between the vehicles 
and V IB the velocity in miles per hour 

This paper presents a new method of securmg the accurate data on 
traffic behavior which are necessary both for the design of streets and 
highways with adequate capacity and for the proper regulation of 
traffic The method which mvolves the use of pictures taken at short, 
defimte intervals of time on motion picture film was developed as the 
result of an mvestigation earned out durmg the past year as a Um-
versity of Michigan Fellowship project This Fellowship was granted 
by the Detroit Edison Company 

In the first part of the work, the writer had the cooperation of the 
Michigan State Highway Department which lent the assistance of 
Frank Olmstead, Assistant Research Engmeer, who made valuable sug­
gestions m coimection with the development of eqmpment and the 
analysis of data Durmg the latter part of the study, the Dow Chemi­
cal Company of Midland, Michigan, sponsored and financed an m-
vestigation of the effect of road surfaces on vehicle speeds 

R L Mornson, Professor of Highway Engmeering and Highway 
Transport, who durected the project has made many valuable sugges­
tions as well as given indispensible and constructive cnticism 

R S Swmton, Assistant Professor of Engmeenng Mechamcs, has 
followed the work very closely throughout, given unsparmgly of his 
time and has been especially helpful in developmg the necessary technic 

The results of the study indicate that the average minunum spacing, 

' This paper is a portion of a dissertation presented for the degree of Doctor 
of Philosophy in the University of Michigan 
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center to center m feet, at which automotive vehicles travel, may be 
expressed by the formula, »Si = 21 -(- 1 I F , where S equals the spacmg 
m feet, and V equals the velocity m miles per hour If V is expressed 
m feet per second, 1 I F must be changed to 0 75F The coefficient, 
0.75, IS the brake reaction-time m seconds Brake reaction-tune is 
the tune it takes an automobile driver to brmg the brakes mto oper­
ation after he has received a stimulus to do so The data seem to 
indicate that the reaction-time may vary with dnvmg conditions so 
as to give different spacmgs for city traffic and for the open highway 
The photographic method of investigation may also be used to study 
practice m passmg, the variation m the speed and number of vehicles 
on each lane of a multiple highway, the tune lost by traffic mterrup-
tions, and the amount of traffic congestion on a highway 

The new method is described and its use is illustrated m the develop­
ment of a new formula for expressmg the relation between the number 
of vehicles passmg a given pomt, their average rate of speed, and the 
average spacmg at which they travel A brief review of literature 
pertment to the subject of speed and spacmg is given before the devel­
opment of the formula After the development and discussion of the 
formula other traffic problems and the adaptation of the picture method 
to their solution are briefly outlmed. 

METHOD OF SECURING AND ANALYZING DATA 

By takmg pictures of vehicular traffic at short, definite mtervals of 
tune an instantaneous record of the position of the vehicles at the end 
of each mterval can be obtamed. From the position of a vehicle in 
each of two successive pictures its velocity may be found, and its ac­
celeration from three or more The spacmg of cars m the same picture 
IS evident. In case the followmg vehicle does not appear m the same 
picture, but m one at a later mterval, the spacmg may be fairly accu­
rately determmed from its velocity and the mterval of time elapsmg 
between the pictures m which the vehicles appear 

Field Method 

The field method of securing data was quite sunple. A 16 mm 
Sunplex movie camera was used to take the pictures An electric 
motor driven by an automobile storage battery operated the camera 
with a constant time interval between exposures Figure 1 shows the 
camera with the motor attachment Varymg the voltage by changing 
the battery termmals controlled the time interval, which might be 
varied from one-half to two seconds This method was found better 
than rheostat control The time interval was carefully measured with 
a stop watch over a penod of 40 to 100 exposures and checked by the 
sweep hand of a photographic tuner included m the pictures In order 
that movmg cars might appear m at least two consecutive pictures a 
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field of twice the space traveled per time interval was required. To 
avoid photographic blur due to motion, a moving car had to be at least 
300 feet from the camera. In this case the length of road included in a 
picture was about 125 feet. The blur might have been lessened by 
using a faster shutter. At the beginning of each film, and hourly 
during a run, there was included a photograph of a bulletin board 

1 \ 

Figure 1. Camera with Motor Attachment 

giving tlie location, date, hour, time interval, shutter opening and otiier 
pertinent information. 

The white cloth stretched along the opposite side of the road in 
Figure 2 was used to keep the vehicles from fading into the dark back­
ground. Figure 3 shows three frames of pictures taken with the movie 
camera at this station. The vertical lines are added to show how the 
pictures look when projected upon a screen with lines drawn upon it 
for scaling distances. 

The measured distance from the camera to the road together with 
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Figure 2 

Figure 3 
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the camera characteristics suffices to give the scale of dimensions which 
are more accurately determmed if the camera is set at right angles to 
the road As a check, however, a complete plan of the section of the 
roadway studied is recorded givmg the distances from the camera and 
between objects m the pictures such as fence posts'or poles Where 
no identification exists a 100 foot tape is laid along the pavement and 
at every 10 foot interval a marker is held over the pomt and photo­
graphed There is thus obtamed a defimte scale for the picture 

Method of Analysts 

The process of analysis consists of two parts, first, the pictures are 
projected upon a white screen ruled with parallel markmgs and the 
throw of the lantern is adjusted so that these divisions wiU represent 
five or ten foot mtervals along the roadway m the picture, and second, 
the distance of travel or speed and the spacmg between cars is taken 
from two pictures, projected upon the screen at the same tune In 
order to obtam a traffic flow curve for the highway the tune may be 
read from the tuner photographed. 

The method of studying the pictures may be illustrated from Figure 4 
In the first picture at the top the rear car is at pomt 9 of the scale and 
55 feet behmd the car m front, measured from front to front of car. 
In the second picture 0 80 of a second later, it has advanced to pomt 
50 on the scale or has traveled 41 feet. Reduced to miles per hour 
this IS 34 9. By readmg the scale m the third picture it is found that 
the speed of the car is practically uniform, that is, there is no accelera­
tion. To facihtate readmg m case accelerations are not wanted, the 
projection lantern may be mounted on a thm board secured in place by 
a center pm so that the board and projector may be easily turned to 
the right or left to brmg the car m the first picture to zero on the scale 
and thus the distance the car has moved, or' speed, may be recorded 
directly m the place of the station 

H E L A T I O N O F T H E S P E E D AND SPACING O F V E H I C L E S 

Data secured by the picture method make possible also the derivation 
of a formula which expresses m a useful way the relation between the 
number of vehicles m a lane passmg a given pomt, their velocity and 
the average minimum spacmg at which they travel Other valuable 
studies have been made to detenmne this relation but it is beheved 
that they have not been based upon as accurate data as it is possible 
to secure by the picture method It may be reasoned, logically, per­
haps, that the driver of an automobile mamtains a sufficient spacing 
between his own car and the one ahead to be able to stop should the 
first car meet with disaster, but whether he does or not can be found 
only by observations such as are possible with the photographic method 
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A review of the literature on the subject of speed and spacing is in­
cluded for the purpose of comparison and for aid in the interpretation 
of new data 

J 

^4 
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Figure 4 

A iV. Johnson's Investigations 

A N . Johnson, Dean of Engineermg at the University of Maryland, 
derived a formula based upon the idea that cars should mamtain a 
sufficient distance from the car m front for brmgmg the car to a stop 
The formula is as follows: 

N= 
5280 V 

15+ 15 
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In this formula N is the number of vehicles per hour passing a given 
pomt at a velocity of V miles per hour with an average car length of 

y 2 
15 feet, and — is the clearance between the cars This formula was 

1 5 

widely accepted Dean Johnson afterwards, however, (1928)' from 
data obtained from airplane pictures, changed the clearance to vary 
as the 4/3 power of the velocity This gave the maximum discharge 
at 34 5 miles per hour as compared to about 15 miles in the first in­
stance This is shown by the curves in Figure 7 The velocities were 
obtamed from the velocities of cars travelmg with the traffic and, from 
the fact that, smce adjacent photographs overlapped, the same group 
of pictures appeared in two succeedmg pictures, displaced by the 
distance that they had traveled between exposures The author states 
that as the scale of the different photographs vaned somewhat, as well 
as the interval between exposures, the results would be expected to show 
a like variation in accuracy One hundred and twenty-seven pictures 
were taken 

Sigvald Johannesson's Investigations 

Sigvald Johannesson'' derived a formula based upon "certain obser­
vations" of the "Relation of Rate of Speed to Spacing of Vehicles" 
as follows 

Rate of speed Spacing center to center 
miles per hour of vehicles in feet 

3 0 33 
5 0 42 
9 5 45 

12 0 50 

From this he deduced that the "spacmg is guided by a certam fixed 
length, say five feet, plus a time interval, which judged by the recorded 
vehicle spacmgs noted above, may be taken to be 1 5 seconds " In 
other words, the minimum open space between two motor vehicles 
travelmg at a certain rate of speed may be taken to be five feet plus 
the distance the vehicles will travel m 1 5 seconds at that rate of speed. 
The equation he then uses for the maximum density of traffic is as 
follows 

5280L 
" 2 2 F + 2 5 

' Maryland Aerial Survey of Highway TraflBc Between Baltimore and Wash­
ington, By A N Johnson, Proceedings of Highway Research Board, Vol 8, 
page 106 

•Highwaj Economics, by Sigvald Johannesson Pub 1931 McGraw-Hill 
page 88 
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in which N equals maximum density in number of vehicles per hour 
and V IS the velocity m miles per hour Accordmg to this equation, 
the density increases with the rate of speed and converges toward 40 
vehicles per mmute as a maximum This is shown in Figure 7 

N W. Dougherty's Investigations 

Professor N W Dougherty, of the Umversity of Tennessee, has 
evolved an equation' for road capacity under the assumptions that all 
vehicles move in a lane at uniform speed and that they travel at a dis­
tance apart to prevent collision if a vehicle m front meets with disaster 
Three factors are taken into consideration: 

(a) overall length of vehicle and clearance, 15 feet, 
(b) brakmg distance, s = 0 0259 V , where s = stopping distance 

m feet and V = speed in feet per second 
(c) time elapsed from the mstant m which the driver observes 

the disaster ahead until he can apply his brakes This time 
IS assumed to be 0 5 second 

This gives a reaction distance of d = 05 V Reducing this to give N, 
the number of vehicles which can pass a point m one hour at a velocity 
of V miles per hour, there results the equation • 

52807 
15 + 0 0556 + 0 75 y 

The curve for this equation is shown in Figure 7 

The Personal Equation m Automobile Driving* 

In many fields of activity the presence of the so-called personal 
equation has been defimtely established, and due allowance made for 
it In few occupations is the existence of the personal equation more 
evident than in that of automobile drivmg F A Moss and H H 
Allen m 1925 carried out an investigation of the personal equation in 
driving 

The object of the tests was to determine 
(a) the average time that elapses between the hearing of a signal, 

such, for example, as the shot of a pistol, and the applying 
of the brake 

(b) the relation between the reaction-time and the variability of 
the individual 

(c) the effect on reaction-tune of such factors as the speed of 
dnvmg, trammg, age, sex, race, and general intelligence 

» Roads and Streets, Vol 70, Sept 1930, Page 319 
* The Personal Equation in Automobile Driving, F A Moss and H H Allen, 

Transactions of the Society of Automotive Engineers, 1925, Part 1, Pages 497-
510 
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To carry out these experiments, apparatus was devised that consisted 
of two revolvers mounted securely on the underside of the runnmg 
board of an automobile and pomted downward toward the road. One 
revolver was fired by the experimenter as a signal, and the other by 
the person imder test m makmg the imtial motion of applying the brake-
pedal. Shells loaded with red lead were employed, so that when each 
gun was fired, a bnght red spot was made upon the road The reaction-
tune was determmed from the speed of the car and the distance between 
the red spots on the pavement The speed of the car was accurately 
measured by a chronometnc tachometer 

The average reaction-tune for the 57 drivers tested was 0 54 second 
The variation was from 0 31 second to 1 02 seconds for different dnvers 
The authors state, however, that owmg to the high mteUigence of the 
subjects tested, probably many dnvers could be found who might have 
reaction-tunes as long as 1 5 or even 2 seconds 

The experiment showed that: 
(1) The reaction-time is not appreciably changed with different 

speeds 
(2) The reaction-tune vanes little with age and sex. 
(3) Persons of a high intelligence seem to have a shorter reaction-

time. 
(4) Persons who have a shorter reaction-time show the least 

variation m different tests 
(5) The reaction-tune may be reduced by trauung, the reduction, 

however, m some men must stop far short of that m others 

Selection of Data 

An attempt was made m the investigation of speed and spacmg of 
vehicles to take only such observations as would show vehicles with a 
speed controlled by the vehicle m front. I t is qmte evident on a heavily 
traveled highway where the tendency of traffic is to bunch up, that the 
speed of the vehicles m the group is controlled by the leadmg vehicle 
When the vehicles are travelmg at a higher speed and at greater dis­
tance apart it is harder to detenmne whether the speeds are affected 
by congestion. It was decided to take pictures only of groups of vehi­
cles which seemed to be drivmg at controlled speeds and to throw out 
all observations where the relative velocity of the leadmg vehicle differed 
by more than five feet per second with the one foUowmg. 

Followmg the method illustrated m Figure 4, about 6000 pictures 
of both urban and rural traffic comprising 794 vehicles were studied to 
secure the information used in the denvation of the formula. The 
observations of spacmg for each two mile variation m velocity, 
shown m the chart on page 391 when averaged and plotted in Figure 5, 
seem to be fairly well represented by the straight Ime equation 

S = 21 + 11 V 
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where S equals the spacing of vehicles, center to center, in feet, and V 
equals the average velocity in miles per hour 

Rationalizing the Equation 

It was felt that the equation should contain terms for: 
(1) the spacmg of cars with a velocity at or approaching zero, 
(2) an allowance for the distance traveled during the reaction-time 

of the driver, and, 
(3) possibly a term which would take account of the caution or 

judgment of the dnver 
Smce the spacmgs of groups of cars waitmg for stop-hghts to change 

had been observed to be from 20 to 22 feet, center to center, giving 

5. 

I 

»« 

9 

9 0 

" M y 71 

"77 
a 

19 

oie / 

7a/ 

17 

/ J o 

"4 
• A * 

•Spacing in Fee/, Center fo Center 

Figure 5. Speed and Spacing of Vehicles The numbers show the observa­
tions for each point 

about a five foot clearance, the first term of the equation, 21, was 
assumed to be the spacing in feet at zero velocity 

The average reaction-time of 0 54 seconds, found by Moss and Allen, 
to a stimulus of sound was multiphed by 4/3 to give 0 72 second as the 
approxunate brake reaction-tune to a sight stimulus ^ If the velocity, 
y , m miles per hour is changed to feet per second the coefficient, 1 1, 
becomes 0 75, which agrees closely with 0 72, the reaction-time in 
seconds 

The third term is apparently non-existent The data, however, 
comprised in the 794 observations are admittedly lackmg both for high 
and for low speeds Additional observations of about 500 vehicles, 
to give a total of 1341 observations are shown in Figure 6 I t is noted 

' Willard Lee Valentine, A Psychology Laboratory Manuel, page 41 
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that the data for slow speeds from zero to about 15 miles per hour 
taken from city traffic, seem to determine a line whose equation is 

5 = 21 + 1 40 y 

where V is expressed in miles per hour 
This means that reaction-time may be modified by driving con­

ditions or else that the driver, usmg his judgment, allows himself longer 
time to react The amount of this variation in reaction-tune can be 
shown only by further study based upon new data 

The equation means that the variation in the minimum spacing be­
tween vehicles depends entirely upon the reaction-tune of the driver 
Smce the negative acceleration of an automobile after the brakes have 
been apphed is practically constant, a car will not collide with the one 

R 

It 

to - 3d 4d so io 
Jpocinq in Feat, Cen/er fo Center 

Figure 6 Speed and Spacing of Vehicles The point of zero velocity is the aver­
age of 143 observations Each of the other points is the weighted average of 99 
observations. 

ahead if the brakes are being applied on both cars and if both cars were 
travelmg at the same speed before the brakes were apphed A graphic 
comparison of this formula with those of several other investigators 
IS shown in Figure 7 The number of cars passing over a highway 
increases with higher velocities so that the theoretical capacity of a 
highway is increased by one-thu-d if the average speed of all vehicles 
passmg over it is raised from 20 to 40 miles per hour This is an argu 
ment for a minimum speed regulation on congested highways 

Additional Data on Reaction-Time 

It was decided to run a check test of brake reaction-tune usmg a 
sight stimulus Two cars were parked, one about fifty feet behind the 
other A chronoscope reading to thousands of a second was wired in 
curcuit with the tail hght of the front car and the brake pedal of the 
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rear car, so that it would measure the tune from the commg on of the 
tail hght and the pressmg of the brake pedal 

Each person tested for reaction-tune was told to remove qmckly his 
foot from the accelerator pedal when he saw the hght flash and push 
down on the brake pedal as if he were stoppmg the car. Each person 
made six or more trials 

The average tune of 13 mdividuals tested on one car was 0 86 second, 
"and the average of 27 mdividuals on another car was 0 74 second 

These results agree very closely with the 0 75 second amved at m 
the speed-spacmg formula, and serve to confirm the conclusion that 
the coefficient of V in the formula is the brake reaction-tune 

^ 3OO0 

N ^ S a i l (J0HN30f^) 

t (DOUGHenTY) 

ye/ocify in Mi les per Hour 

Figure 7. Graphic Comparison of Formulas for Determining tlie Relation Be­
tween the Number of Vehicles Passing a Given Point and Their Rates of Speed. 

Significance of the Findings 

The spacmg between the cars at various speeds is less than has 
formerly been supposed It is controlled by the reaction-time of^the 
driver This reaction-time may perhaps not be the same at all times 
for the same mdividual It is indicated that the reaction-tune may be 
greater m city traffic or else that the dnver allows himself more tune 
to react, which amounts to the same thmg as far as performance is 
concerned 

Smce the two cars tested showed an average difference of 0 2 second 
in reaction-tune for four individuals tested on both cars, the unportance 
of a convenient location of the brake pedal in reference to the accelerator 
becomes apparent 

O T H E R PHASES O F T R A F F I C B E H A V I O R F O R STUDY 

There are other phases of traffic behavior that could be studied with 
profit Sufficient work has been done to show that solutions of the 
problems mvolved are possible 
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Passing Practice. At what speeds do cars pass each other? What 
space and tune do they require to pass? Under what conditions do 
drivers undertake to pass? Pictures taken of a long vista of highway 
such as could be obtamed from a high promontory across a valley should 
give ideal data on this problem 

Amount of Congestion. Cpngestion starts at the pomt where the 
density of traffic is such as to retard its average speed' As long as 
cars can freely pass each other there is no congestion. 

The amount of congestion can be found by first determming from 
freely movmg cars, say those over 125 feet apart, the average speed 
on the highway when it is uncongested. The average speed of vehicles 
for different densities of traffic will then show the amount of congestion 
If the average free speed on a highway is 45 miles per hour, a speed 
of 40 miles per hour for a certam density shows an average loss of five 
miles per hour per vehicle or a congestion of ^ The composition of 
traffic should be the same m order to give a true comparison for the 
average speed of trucks is different from the average speed of passenger 
cars 

Stop-Laght Practice What is the total tune loss for timed signals 
and how does this vary with different traffic densities' A study of 
traffic-actuated signals should be included. Observations of over one 
thousand cars have been tabulated and a tentative formula, based upon 
the average acceleration practiced by drivers at stop-lights, has been 
developed to show the tune lost by traffic mtemiptions 

Speeds A ttamed Under Different Limitations How are speeds related 
to types of roadway surface, to block lengths, to parkmg systems, to 
street widths and to lane of travel' Zioes lane marking on city streets 
speed up traffic' In the part of the work sponsored by the Dow Chemi­
cal Company, 341 cars passing over a certain section of concrete road 
from 1 1 A M to 5:30 P M . had an average speed of 47 8 miles per hour 
During the same time 64 trucks maintained an average speed of 37 9 
miles per hour. On another day 146 cars had an average speed of 47 7 
miles per hour. The average speed of 416 cars on a gravel road was ob­
served to be 32 6 miles pei hour and of 39 trucks 28 2 miles per iiour 
The weather was dry dunng the observations and there was no con­
gestion Further studies along this line should be made 

Traffic Surveys A device whereby the camera will be operated by 
a solenoid actuated by a photoelectric cell should be of great aid in 
getting rather complete traffic information Counting devices operated 
by the photoelectric cell have already been used successfully The 
pictures would show the types of vehicles, their speeds and the times of 
day at which they passed. This information for each car would all 
appear on one picture smce the timer mcluded in the picture would 
show the time of day while the distance the car had traveled during the 

* Proceedings of the Highway Research Board, Vol 6, page 218. 
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small delay from the time it cut the ray of light falling on the cell and 
the snapping of the camera would show its speed Given the speed of 
all vehicles and the number passing in any period of time it becomes 
possible to show the amount of congestion or speed retardation durmg 
that period Such a device is now being developed under the direction 
of Professor Swinton 

Not all of the possible uses of the photographic method of investigat­
ing traffic behavior have been listed, but its potentiahties are evident 

This type of study will give pictorial records which should make 
valuable information available to those concerned in the design of 
vehicles and the design and maintenance of highways 

D I S C U S S I O N 
ON 

T H E P H O T O G R A P H I C M E T H O D O F S T U D Y I N G T R A F F I C 
B E H A V I O R 

P R O F J T R U E M A N THOMPSON, The Johns Hopkins University I 
shall briefly descnbe some work which has been going on under my super­
vision at The Johns Hopkins University smce last June for the United 
States Bureau of Public Roads 

I would not presume to intrude upon this meeting a discussion of my 
own work were it not for the fact that it bears such a definite relationship 
to that of Professor Greenshields In addition, since it is too early to 
advance conclusions oi to publish, I feel it should be made a matter of 
record here to avoid possible duplication of effort 

The work to which I refer is also a motion picture study, but in this 
instance it attempts to discover the lateral placement of vehicles in the 
act of passing one another, both when moving in opposite directions 
and when moving in the same direction Obviously, this information 
IS greatly needed To mention only one example of its usefulness, it 
will probably throw some light upon the moot question as to whether 
certain classes of vehicles require greater pavement width than do other 
classes 

Another question whose answer we sadly lack is "How much distance 
does it take for one vehicle to pass another safely when they are travel­
ing in the same d i r e c t i o n T h i s question derives its importance from 
the fact that it so definitely influences sight distance and has such a 
significant bearing upon the limitations which should be imposed upon 
vehicle length We also tried to answer this question 

To accomplish our ends we mounted a motion picture camera out­
side the driver's window of an automobile in which there were two per­
sons, one to drive and operate the camera, the other to make certain 
observations and record them This observer's car trailed a vehicle to 
be studied at about 300 feet and paced it as exactly as possible so that 
Its speed would be known Nothing happened until a second vehicle 
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got in line between the observer's car and the one to be studied, and as 
soon as it turned out to the left to pass the first vehicle, the film was put 
in motion and kept going until the passing was completed As soon as 
the observer's machine got over the point where the second vehicle 
turned out to pass, a spot of white paint was dropped and a similar 
spot was made when the observer's machine was over the point where 
the passing vehicle had turned in again and straightened out The dis­
tance between the two paint spots was measured, the speed of the passed 
vehicle recorded from the speedometer in the observer's car, and the 
length of the passed vehicle determined by stopping it and measuring it 

The transverse placement of the vehicles was obtained from the film 
by makmg certain measurements from a still projection of the frame 
in which the rear axles of the passing and passed vehicles were opposite 

D R H C D I C K I N S O N , Bureau of Standards Five years ago we ana­
lyzed the problem which Dr Greenshields spoke of, about possible spac­
ing of cars on the road There are three factors which he says come into 
it and as we see it these are (1) the length of the car, for which purpose 
we used the actual length of the car 15 feet instead of 21, which does not 
make such difference, (2) the reaction time, which is the time required 
after the driver knows something is going to happen before he gets his 
foot on the brake, it averages about 55 hundredths of a second, and (3) 
the perception time, which depends upon the change in apparent size of 
the car ahead, because you do not depend upon lights One must see a 
change in the apparent size of the car ahead or its apparent width on 
the road in order to know that the car is slowing up. The time neces­
sary to foresee a thing of that kind is considerably longer than is needed 
to see a light A large number of observations on the road indicate that 
this time is, or was at that time, approximately one second Thus the 
spacing on the road should be the length of the car plus the distance 
travelled in about 1| seconds, the latter being the sum of perception 
time and reaction time 

Since that time we have been watching the distance between cars on 
the road It is a simple matter when traveling a distance behind 
another car, to note the time it takes to reach the point where the car 
was when you set the stop watch It appears that the time between 
cars IS a fairly definite thing It seems to have been shortened materi­
ally in the past five years The reason, I believe, is that time between 
cars is a function not only of the perception and reaction time but also 
of the safety factor one wants to use When using two wheel and four 
wheel breaks on the road, one never knew whether the other fellow ahead 
had four wheel brakes or not, the brake deceleration was not constant 
and consequently one had to allow a safety factor on that account 
Now with four wheel brakes almost universal on the road, one drives 
with that in mind, hence we have discarded that factor of safety, to a 
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certain extent and shortened the time I think Dr Greenshields' figures 
are close In fact some cars are bemg driven much closer than that 
In New York we find cars as close together as 30 feet at 40 miles an 
hour If traffic is constant and there is no likelihood of an obstruction, 
no cross roads, there is no reason why one should stop We take chances 
on that because we thmk the vehicle won't stop If there are likely to 
be obstructions or mterference, then one must lengthen out the spacing 
taking into full account the tune necessary to put on the brakes The 
constants in the formula have changed in the last five years 

The question of time raises another question which Professor Thomp­
son discussed, that is, how far does it take to pass another car' Obvi­
ously, if one car is traveling 1§ seconds behmd another car and must 
accelerate, pass the other car and get back into the road again, it takes a 
definite amount of time which the engineer can calculate That time 
calculated for the average car is six seconds, assummg an acceleration 
rate corresponding to a 10 per cent grade, and that the car starts from a 
position 1̂  seconds behind another and accelerates at this rate until it 
IS back on the right hand side of the road ahead of the other car In 
order to check this we took two cars and two stop watches—^went out on 
the road and passed each other alternately, the car bemg overtaken 
maintaming constant speed While we tried this for speeds from 5 to 
45 miles per hour, the time required to perform that maneuver was be­
tween 5§ and 6§ seconds—with very few cases outside of that I have 
checked this figure for five years As a matter of fact it has been mj 
cnterion as to personal procedure m drivmg Coming up behmd an­
other car, looking ahead, i f I see a car some distance ahead, I decide 
whether it is safe to pass Of course, the safe distance depends upon 
speed of the other car as well as my own. I have made many observa­
tions of that sort and find that if the time before meetmg the approach-
mg car is gomg to be eight seconds, I will pass If the tune is going to 
be less than eight seconds I will be m doubt—and if I ever pass a car 
with less than 1| seconds to spare, 1 thmk it is takmg chances. This 
indicates that there is an uncertamty of not more than two seconds in 
estimatmg the tune of meetmg It is a pretty clear-cut geometncal 
problem and the time required is very closely six seconds The process 
whereby one makes this fairly accurate estimate, however, mvolves no 
material measurement of distance or of tune, but is based purely on 
personal experience and ability to estimate 

There is a httle more to it than that Instead of startmg from your 
normal distance, 1§ second's time behmd another car, you may acceler­
ate and lap the rear bumper of the other car—assummg that only after 
that pomt IS it impossible to get back if necessary by putting on your 
brake If one can perform that operation and start a stop watch at the 
time the cars lap, it takes three seconds from that point until one is 
clear.of traffic in the lane ahead That also is a fairly definite operation. 
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It can be performed safely by a skillful driver I t is a dangerous ma­
neuver, however, smce if one sees a car approaching at the instant when 
his car just laps the one ahead he must decide in a fraction of a second 
whether to keep on or slow up If he makes a wrong decision it may 
prove fatal 

P R O F E S S O R G R E E N S H I E L D S The results I gave were averages only 
In the first pictures taken of traffic leavmg a Michigan football game, 
the spacmg was observed to be much closer than that of traffic subse­
quently observed movmg under more normal conditions. The appar­
ent difference of reaction time for rural and urban conditions was 
pointed out 

A study of the average speeds on two-lane pavements of different 
widths might give some indication of the comfortable width of pave­
ment for drivers of cars and trucks 

I might pomt out that, aside from studies of safety, if the amount of 
congestion caused by the inabihty of cars to pass each other is measured 
that the answer to the question of passmg practice is mdirectly secured 

P R O F R S SWINTON, University of Michigan: If, for several thousand 
cars the percentage of cars travelmg above given speeds are plotted 
against speeds on normal probabihty paper the result will be a straight 
line If the Ime is not straight one is comparmg unlike thmgs From 
this hne can be anticipated the number of cars that will exceed a par­
ticular speed If one finds a range of from 10 to 60 miles per hour he 
can anticipate the number gomg over fifty or slower than 20 miles per 
hour This gives an economic measure of any loss suffered by a few 
individuals through speed control legislation 


