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12 Claims. 

@ur invention relates to the illumination of 
highways, particularly highways with a high 
speed traffic in the country. 
Because of the increase in high-speed trañic on 

such highways, it has become desirable, if not 
necessary, to illuminate the same so that motor 
ists will not be be dependent solely upon the 
illumination afforded by their headlights, but can 
obtain an idea of the direction of the highway 
and perceive obstacles thereon beyond the range 
their headlight beams. Systems using widely 
spaced light sources Without additional means are 
not satisfactory for this purpose because the light 
sources act merely as beacons to the motorist, and 
the illumination obtained makes is practically im 
possible for the motorist to distinguish obstacles 
on the highway. Furthermore, such systems have 
the great drawback that bright and dark light 
patches are formed upon the highway surface, 
with the result that the brightness is not at all 
uniform. On the other hand, if the light sources 
are placed very close together, it makes the sys 
tem too expensive for use on highways in the 
country. 
To overcome the above drawbacks, it has been 

proposed to provide the light sources with reflec 
tors so that the light emitted by a certain light 
source is distributed over the highway surface in 
such a manner that the lux-values, i. e. the light 
intensity as viewed from above the surface, are 
fairly constant over the entire surface. Such 
systems, however, do not take into consideration 
the very important point that in practice the 
illumination qualities of a given portion of a high 
way surface is not judged from a point at or above 
that portion. On the contrary, a user of the 
highway, such as a motorist, sees a given high 
way surface portion at a distance of about 250 
feet, and hence does not obtain an idea of the 
horizontal illumination, but of the brightness of 
this portion. 

In this connection it should be noted that the 
brightness of a given surface portion when viewed 
in a definite direction depends entirely upon „the 
direction of incidence of the light striking this 
surface portion. For every combination of the 
projection on the highway surface of the direc 
tion of incidence of the light and of the corre 
sponding projection on the highway surface of the 
direction of observation, there is-for a given 
surface portion-a certain ratio between the 
brightness in the direction of observation and 
the illumination of this portion. Hereinafter and 
in the claims we will refer to this ratio "as the 
“coefficient of brightness.” 

(Cl. 24U-25) 
However, merely studying the “coefficient of 

brightness’f of a highway surface and utilizing 
these results in the design of the system does not 
completely solve the problem, because the coeffi 
cient of brightness of a given surface portion are 
quite different when the surface is dry or wet. ` 
The term “Wet” surface as used hereinafter and 
in the claims, is to be understood to mean a sur 
face which is entirely or partly covered with a 
thin layer of water which follows all unevennesses 
of the surface. This does not include complete 
inundation of the surface, because in such cases 
the layer of water fills all the cavities in the sur 
face so that surface unevenesses‘are no longer per 
ceivable and a watery mirror is formed at the 
surface. ‘ y 

The object of our invention is to overcome the 
above difficulties and to provide an illumination 
system especially adapted for highways in the 
country which illuminates the surface in such a 
manner that the illumination appears substan 
tially uniform to a motorist. 
A further object of our invention is to provide 

an illuminating system which produces good re 
sults when the surface is either wet or dry. 
Further objects of the invention will appear as 

the description progresses. 
In accordance with the invention, we illumi 

nate the highway surface in a particular manner, 
at least on one side of the line of intersection 
with the surface of a “norma ” plane i. e. a plane 
perpendicular to the longitudinal axis of the sur 
face and passing through the light source. More 
particularly we so illuminate at least in the sur 
face portion lying between the intersecting lines 
with the surface of two planes passing through 
the light source and making angles of about at 
least 30° and 60° respectively with the normal 
plane, that the ratio between the illumination of 
the “remote” half and the illumination of the 
“adjacent" half is at least 2:1. 
By “remote” half is meant the half of the sur 

face located on the side opposite the light source, 
whereas the “adjacent” half is the half near the 
light source. 
In the surface portion in the intermediate vicin 

ity of the light source, i. e. the portion between 
the intersecting lines of the normal plane and the 
30° plane, the illumination may be greater on the 
adjacent half than on the remote half. 
Such illumination can be effective on either or 

both sides of the normal plane, depending upon 
the location of the light source, and upon whether 
the highway surface must be illuminated through 
out its width. Furthermore, the light sources 
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2 
may be arranged on one or both sides of the high 
way. 
Although the illumination according to the 

invention is not uniform over the entire surface, 
the motorist receives the impression of a sub 
stantially uniform brightness in a substantially 
lateral direction, which is very important. In 
fact, it is much more important that a given por 
tion of the surface have at least a substantially 
uniform brightness when observed in the above 
manner, than when observed in a longitudinal 
direction. More particularly, a motorist will see 
the surface ahead of him in perspective, and will 
be able to readily distinguish several strips in a 
lateral direction, which strips in prior lighting 
systems practically always exhibited very great 
brightness differences. On the other hand, he 
will perceive practically no brightness differences 
in a longitudinal direction of the highway, be 
cause the strips, which have a mutually-different 
brightness to him and are about 85 feet long, will 
appear in perspective as very narrow indistin 
guishable strips. However, it is also advantageous 
that these strips have a uniform brightness, al 
though this is of secondary importance. 
The reiiectors used in the illuminating systems 

according to the invention have various shapes, 
which depend on their position and desired form 
of light beams. In many cases it is necessary 
that there be a symmetrical distribution of light 
on both sides of the normal plane and in such 
cases the reflectors are provided with two simi 
larly-shaped reflecting portions which are located 
symmetrically with respect to this plane. 
We prefer to arrange the reflectors with their 

major axis at right angles to the longitudinal axis, 
and preferably inclined with respect to the lateral 
axis, of the highway surface. The angle which 
this major axis makes with the lateral axis de 
pends on various factors, and in determining this 
angle the height at which the reflector and light 
source are arranged above the highway surface, 
as well as the width of this surface, play a promi 
nent part. 
Each reflector is provided with at least one re 

flecting portion formed by a generatrix which is 
moved along directrices lying in planes which 
extend perpendicularly to the major axis of the 
reflector. These directrices or frame lines are 
preferably parabolas whose foci lie in the major 
axis, and the position and form of the generatrix 
is such that the light reflected by the reflecting 
portions produces on the highway surface the light 
distribution according to the invention. When 
each reflector emits two mutually-similar beams 
extending symmetrically with respect to the nor 
mal plane, each of the reflectors are provided with 
two similarly-shaped reflecting portions of the 
above type which lie symmetrically with respect to 
the major axis. 
As a generatrix we prefer to use a second-degree 

curve, such as parabola whose focus lies in the 
major axis, and, when the reñector has two sym 
metrically-arranged reflecting portions, we prefer 
to provide an intermediate reflecting surface which 
has a dent in the plane of symmetry of the reflector 
passing through the major axis. ’ 
With the symmetrical reflector according to 

the invention the axis of’ the parabolic directrices 
preferably make an angle of about 20° to 40° with 
the major plane. Furthermore. the transition 
curves between the elongated reflecting portions 
and the intermediary portion extend in one form 
of construction in two planes, each of which makes 

2,229,034 
an angle of the order of magnitude of 10° with 
the major plane. 
When symmetrical reflectors according to the 

invention are positioned at the side of the high 
way, the elongated reflecting edge portions serve 5 
to light the remote half by means of two equal 
beams; this effect being substantially determined 
by the shape and the position of the generatrix. 
We have found that when the axes of two para 
bolic- generatrices form a maximum angle of 
about 10° with a line perpendicular to the major 
axis, the two beams will extend in the desired 
direction. 
To prevent the portions of the emitted light 

beams intended for lighting the adjacent halt l5 
from extending in a direction which deviates too 
much from the desired direction, the extreme 
limiting plane of the reflector preferably makes 
an angle of from 15° to 35° with the major axis. 
With regard to the positioning the light source 20 

within the reflector, it is desirable that a least the 
main direction of the light source intersects the 
main plane of the reflector in the major axis.` 
'I'his main direction is standing at least practical 
perpendicular on the main plane of the reflector. 25 
when the reflector construction is asymmetrical 
and has only one elongated reflecting portion, 
the main plane is to be understood to mean the 
plane which passes through the major axis and 
on which also the main direction of the light $0 
source is standing at least practically perpendicu 
lar. If, in a symmetrical reflector, the two gener 
atrices have the form of parabolas whose foci lie 
at the same point on the major axis, the main 
direction oi’ the light source intersects the main 
plane at right angles at this point. 

In order that our invention may be clearly un 
derstood and readily carried into effect, we shall 
describe the same in more detail by comparison 
with the prior art systems and with reference to 
the accompanying drawings, in which: 
Figure 1 is a plan view of a highway illuminated 

in accordance with the prior art, 
Fig. 2 is a graph showing the illumination of 

the highway of Fig. 1, 
Fig. 3 is a perspective view of the highway of 

Fig. 1 when dry, 
Fig. 4 is a perspective view of the highway of 

Fig. 1 when wet, 
Fig. 5 is a graph showing the brightness of the 50 

surface of the highway of Fig. 3, 
Fig. 6 is a graph showing the brightness of 

35 

- the surface of the highway of Fig. 4. 
Fig. 7 is a perspective view of a dry highway 

illuminated according to the invention, 
Fig. 8 is a perspective view of a wet highway 

illuminated according to the invention, 
Fig. 9 is a graph illustrating the distribution of 

light of a highway illuminated according to the 
invention, 

Fig. 10 is aplan view of the highway of Fig. 9, 
Fig. 11 is a plan view of a highway with the 

light sources located on one side. 
Figs. 12 and 13 are plan views of a highway 

with light source arranged on both sides. 
Fig. 14 is a perspective diagram illustrating the 

generation of a reflector according to the in 
vention, 

Fig. 15 is a perspective diagram illustrating the 
positioning of the reflector of Fig. 14 with respect 
to a highway, 

Fig. 16 is a front view ot a reflector according to 
the invention, 

Fig. 17 is a plan view of Fig. 16, and Fig. 18 is 
a side view of Fig. 16. 
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As shown in Fig. 1, a highway t is illuminated by 

three light sources I, 2„ and 3, located at one side . 
of' the highway. In accordance with the prior 
art each of the light sources are provided with 
reflectors (not shown) of sach shape that a sub 
stantially constant horizontal illumination is ob 
tained over the entire surface of the highway. 
More particularly, light sources I, 2 and 3 pro 
duce light patches indicated by reference nu 
merals, 5, 6 and 1, which overlap to produce a sub 
stantially constant illumination. This is shown 
more clearly in the graph of Fig. 2, in which, the 
ordinates represent horizontal illumination, and 
the position of the light sources are indicated as 
abscissae. From this graph it appears that the 
total illumination as indicated byline 8, is equal 
to the sum of the illuminations of two adjacent 
light sources. More particularly, at a point 9 
the total illumination equals the sum of the ordi 
nates I0 and II of the light curves of light sources 
l and 2 respectively. 
From Fig. 2 it appears that the total horizontal 

illumination, as indicated by line 8, is uniform over 
the entire surface of the highway, and thus when 
observing this surface from above it will appear 
as a substantially uniformly illuminated surface. 
However it should be noted that to a user of the 
highway, for instance a motorist, the surface will 
always appear as a triangle due to the perspective 
effect, and when observing the surface in this 
manner, the situation is quite different. This is 
illustrated in Figs. 3 and 4 in which the direction 
of observation of an observer W is indicated by 
line II-II. When the observer W views the high 
way surface of Fig. 1 in perspective, he receives an 
impression of this surface, when in its dry state, 
as shown in Fig. 3, in which light patches 5, 6 and ‘I 
produced by light sources I, 2 and 3 respectively 
can be distinguished, but will not have a uniform 
brightness. This difference in brightness is in 
dicated in the figures by using widely-spaced sec 
tioning for the portions of greatest brightness, 
and using more closely-spaced sectioning for the 
portions of lower brilliance; and surface portions 
that appear dark being horizontally sectioned. 
The fact that not all surface portions will appear 

equally bright to a motorist although the hori 
zontal illumination intensity is equal throughout 
will be explained with reference to Fig. 1, in which 
the observer W views a point I2 within the light 
patch 5 produced by the light source I. The pro 
jection of the direction of observation W--I2 on 
the road surface makes a comparatively large 
angle W-I2-I with the projection of the direc 
tion of incidence of the light I-I2 at this point. 
As the coefficient of brightness has high values in 
direction making a comparatively small angle 
with the direction of incidence, it follows that 
when the observer views a point I3, he will obtain 
a much brighter impression from this point than 
from point I2. As a result, with the positioning 
of the light sources and with the distribution of 
light as shown in Fig. 1, the observer W will always 
receive a brighter impression of those parts of the 
highway surface where the projection of the direc 
tion of observation on the surface makes a com 
paratively large angle with the corresponding pro 
jection of the direction of incidence of the light 
ile. on the remote parts. Although in the lumi 
nous patch produced by one of the light sources, 
lines of uniform brightness might be shown, to 
avoid undue complications, it may be said that 
on the Whole the portions of the light patches 
lying to one side of the observer W will appear 

3 
brighter to him than do the opposite portions of 
these light patches. 

Irrespective of the fact that dark portions still 
remain between patches 5, 6 and 'I in Fig. 3, it 
appears that the uniform brightness in a hori 
zontal direction is far from satisfactory. Fur 
thermore, it should be noted that to the observer 
those parts of the light patches which lie on the 
sides of the light sources opposite him will appear 
darker than the parts in front of the light sources 
because of the theory regarding the coefficient of 
brightness, which will be referred to later. l 
The above diillculties become much worse when 

the road surface is wet, and this is illustrated in 
Fig. 4 in which the observer W views the highway 
surface when it is wet. When a highway surface 
is wet, the brightness coefficient in the projection 
of a direction on the road surface-which at least 
substantially coincide with the corresponding pro 
jection of the angle of incidence of the light-«is 
much higher than the reflection coefficients in 
other directions which reach a very small value in 
this case. As a result the observer W receives an 
impression of the road surface as if each light 
source radiated only a bright band of light di 
rected toward him, whereas the remainder of the 
road surface is entirely dark. 
In Fig. 4 these bright light patches are indi 

cated by reference numerals I4, I5 and I6, and are 
wide in the vicinity of the light source. As the 
highway is entirely dark except for the bright light 
patches I4, I5 and I6, it will be appreciable that 
the illumination of the surface is very poor. 
With the prior art illumination of the type illus 

trated by Figs 1 to 4 there is no question of uni 
form brightness in a lateralrdirection and ob 
stacles on the dark portions of the highway can 
be perceived only by means of the light radiated 
by the headlights of the motor car. This will be 
more clearly explained with reference to Figs. 
5 and 6, in which line II~II of Figs. 3 and 4, 
represents the abscissa axis, the ordinates repre 
sents the brightness, and the light sources are in 
dicated by reference numerals I, 2 and 3. Fig. 5 
shows the brightnesses of a dry road surface such 
as that of Fig. 3 and Fig. 6 those of a wet one such 
as that of Fig. 4, the brightnesses being derived 
from experiments made on an asphalt-concrete 
road. From these figures, which are drawn to the 
same scale, it appears that brightness differences 
of about 1:30 occur between the dry and wet sur 
faces. From Fig. 5 it appears that the brightness 
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in a longitudinal direction i. e. in the line II--II, ‘ 
is comparatively constant, and Fig. 6 shows that 
very great brightness differences occur when the 
surface is wet. 
In regard to the coefficient of brightness, it 

should be noted that when a motorist is at a 
comparatively great distance from a given portion 
of a dry highway surface, the coefficient of bright 
ness of the surface on the side remote from him 
will differ only comparatively slightly from the 
portion of the road surfaceon his own side be 
cause of so-called diffuse reflection. However, 
when the road is wet, the situation is quite dif 
ferent because in such cases the coeflicients of 
brightness vary to a, larger degree. More par 
ticularly for the projections on the surface of the 
direction of incidence of the light and the di 
rection of observation, which form together an 
angle of the order or magnitude of 180°, the co 
efficients of brightness increase very strongly rel 
ative to those combinations of the projections 
of the directions of incidence and observation 
forming a smaller angle. With combinations of 
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these two directions, which form a small angle, 
the coemcient of brightness decreases very 
strongly. Thus, it will be seen that those sur 
face portions which lie on his side of the highway 
and between him and a light source located on 
the same side (when no special measures are 
taken) will appear much brighter to the motor 
ist than a surface portion lying at the same dis 
tance from him but on the other side of the 
highway. 
To ensure sufliciently uniform brightness in 

the dry and wet state, we provide suitable re 
flectors to throw the light to the remote side of 
the road. We have found that when correctly 
positioning the reflectors and the cooperating 
light source with regard to the highway surface, 
the remote side of the highway, when dry, is 
about four times as bright as` on the motorist's 
side, whereas when wet, the motorist’s‘side is 
about four times as bright as the opposite side 
of the road appears to be. Our experiments have 
shown that with existing road-lighting and with 
the highway Surface in a wet state, brightness 
differences between the motorist’s side of the 
highway and the opposite side may be of the 
order of magnitude of 100 or more, whereas in 
the dry state these differences are smaller, but 
materially greater than those obtained with the 
systems .of the present invention. The values 
stated for the system according to the invention 
may not be considered as normal because the co 
efficientsl of brightness naturally are dependent 
to a large degree upon the type of road surface. 
Nevertheless, when using the illumination accord 
ing to the invention, the brightness differences 
with every type of road surface are materially 
smaller than with present day lighting systems. 
By suitably selecting and positioning the re 

flector and the light source, the ratio between 
the illumination on the opposite side and on the 
own side can be controlled. More particularly, 
if the light source is arranged above the surface, 
at a distance of order of the width of the high 
way, the remote side of the highway is prefera 
bly illuminated with an illumination ten times 
stronger than the illumination on the adjacent 
side. If, on the contrary, a narrow road is illu 
minated by means of a light source located at 
a great height, or a broad highway by means 
of the light sources located only a short distance 
above the surface, this proportion becomes 
smaller and larger respectively. A ratio of about 
2 to 1 has been found to give good results. 
In the system according to the invention, gen 

erally speaking and within a definite region, 
those parts of the highway surface lying on the 
“remote” half are illuminated with an illumi 
nation which is at least twice as strong as that 
of the "adjacent" half. Such a system, which 
overcomes to a very large extent the difficulties 
set forth above in connection with Figs. l to 6, 
is illustrated by Figs. '7 and 8, which are per 
spective views of a highway surface as viewed 

. by an observer located at W, and in which posi 
tioning of the light sources is indicated. In Fig. 
'7 the light sources I, 2 and 3 illuminate the high 
way surface, when in its dry state, with light 
patches I1, I8 and I9 respectively. The parts 
of the light patches which appear brightest to 
the observer W are widely hatched, whereas 
the darker portions of the highway surface are 
hatched horizontally. Because of the higher il 
lumination intensity of the remote half of the 
surface, the parts of the light patches I1, I8 and 
I9 on this side are more brightly illuminated 

2,229,034 
than on the adjacent half. Comparison of the 
figure with Figure 3 clearly shows this difference. 
With the illumination according to the invention 
as shown in Fig. '7, the brightness differences 
are smaller in a lateral direction than with the 
illumination shown in Fig. 3, so that a material 
advantage is obtained already in this respect. 
The term “light source” as used herein is to 

be understood to mean one or more light-emitting 
members supported from one post. This may be 
one or more incandescent lamps and/or one or 
more discharge tubes, such as the super-high 
pressure mercury-vapor discharge tubes de 
scribed in the U. S. Patent No. 2,094,694 to Bol 
et al. These lamps, which will hereinafter be 
mentioned as light-radiating members, may each 

' be located in a separate reflector or together in 
one reflector. In practiceit is, of course, simpler 
and cheaper to use only one reflector to each post, 
and in such cases the reflector may have a very 
special shape. 
As shown in Fig. 8 the advantages of the in 

vention are more pronounced when the highway 
surface is wet. As the surface gradually be 
comes wet, to‘the observer W it appears, as if 
the brightest parts of the light patches slowly 
shift towards the light sources from which they 
originate, although suiilcient brightness remains 
on the remote half of the highway. This phe 
nomenon is caused by the fact that when the 
surface becomes wetter, the brightness coeiii 
cients greatly increase at those points at which 
the projection of the direction of observation on 
the surface has substantially the same direction 
as the corresponding projection of the direction 
of incidence of the light, whereas the brightness 
coefiicients pertaining to combinations of pro 
jection of directions of incidence and observa 
tion, which -are at different angles with each 
other, decrease comparatively strongly. Due to 
the fact that, according to the invention, each 
light source illuminates the "remote” half of the 
road with a much greater illumination intensity 
than the “adjacent” half, these brightness dif 
ferences are eliminated for a very large part. As 
shown in Fig. 8, the light patches 20, 2| and 22 
arei'ormed, and the brightness distribution in 
a lateral direction of the wet highway is appre 
ciably better than that shown in Fig. 4. 
The above is illustrated more clearly in Figs. 

9 and 10, of which Fig. 9 is a side view of a high 
way on which one light source I is located, and 
Fig. 10 is a plan view of the highway. As shown 
in Fig. 9, light source I illuminates the highway 
surface at least on one side of a “normal” plane 
indicated by reference numeral 23. Let us now 
consider the conditions prevailing on one side of 
this plane, namely, the right-hand side. Planes 
indicated by reference numerals 24 and 25 pass 
through the light source I and make angles of 
about 30° and 60° respectively with the normal 
plane 23, and, as shown in Fig. l0, intersect the 
surface of the highway in lines 74 and 75 which 
are normal to the longitudinal axis X-X. In 
accordance with the invention the illumination 
ofthe surface is such that at least in the strip 
of the highway surface between lines 'I4 and 75 
the illumination of the "remote” half i. e. the por 
tion below axis X-X is at least twice the illumi 
nation of the “adjacent” half, i. e. the portion 
above axis X-X. 
As shown in Fig. 10, the light source I throws 

a light patch 26 (seen from above) on the high 
way surface. In the conditions illustrated, the 
illumination substantially throughout the length 
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2,229,034 
of patch 26 are at least two times as high as those 
at points located symmetrically with respect to 
the road axis X--X on the adjacent half of the 
surface. For example the illumination at the 
points indicated has the following relation: 

Illum. intensity at 28: ill. intensity at 21= 
Illum. intensity at 30: ill. intensity at 29= 
Illum. intensity at 32: ill, intensity at 3I= 9:1 
Illum. intensity at 34: ill. intensity at 33`= 10:1 
Illum. intensity at 36: ill. intensity at 35=10:1 

From these values it appears that the ratios are 
frequently much larger than 2:1. However, val 
ues of illumination of 2:1 with a fairly diffused 
road surface yield satisfactory results. The 
choice of the illumination and of the mutual re 
lation depends‘greatly on the nature of the sur 
face of the highway. , ' 

From Figure 10 it also appears that the light 
patch 26 extends a considerable distance to the 
right of the intersecting line 15. In this case, 
the selection of the length of the light patch is 
substantially determined by the distance between 
the light sources. 

It is also possible to produce on the left side of 
plane 23, a light patch (not shown) which has the 
same shape as the light patch 26 but is reversed. 
However, in this case it is possible to use a quite 
different light distribution which greatly depends 
on the positioning of the light sources, on the 
ruling direction or directions of traflìc, etc. This 
will be more clearly explained by reference to 
the Figures 11 to 13. 

Fig. 1l shows the conditions for a highway hav 
ing two right-hand trafiic directions indicated by 
arrows 31 and 38, and with the light sources I», 
2 and 3 located on the same side of the highway 
and producing light patches 39, 4|] and 4I re 
spectively. These light patches overlap each 
other and each patch consists substantially of 
two adjacent patches each similar to patch 26 

2:1 
5:1 

, of Fig. 10. 

When the highway is intended for unidirec 
tional traiilc, the light sources are positioned in the 
manner illustrated in Fig. 11; in countries keeping 
to the right normal traffic is designated by the 
arrow 31, and for countries keeping to the left by 
42. In this case, the conditions are about ideal. 

Fig. 12 shows a highway with the light sources 
i, 2 and 3 spaced apart at equal distances but 
with successive light sources located on opposite 
sides. The light patches are indicated with the 
same reference numerals as in Fig. 11, and each 
consists of two portions which extend to differ 
ent length to each side‘` of the corresponding light 
source. Also in this case it clearly appears that 
the light patches partly overlap each other. The 
traffic directions for right-hand traffic are indi 
cated by arrows 31 and 38. Due to the fact that 
the light-patch halves are asymmetrical dazzling 
is practically completely eliminated as the length 
of the lightpatches in the direction opposite to 
the direction of traffic is smaller 'than the length 
of these patches in the direction of traflic. 
When the light sources are positioned in the 

manner illustrated in Fig. 13, i. e. similar to Fig. 
12 but spaced apart unequal distances, the light 
patches are asymmetrical and dazzling is entirely 
avoided. For instance, a motorist at a point 42 
and traveling in the direction of the arrow, is 
practically not troubled by the light from the 
beam portion produced by light source I and di 
rected towards him, whereas when he has arrived 
at a point 43, the light source l «radiates over 
him in his traffic direction. The great advan 

5 
tage is, however, that the light source 2 throws 
a strong beam on the opposite half of the high 
way surface which enables him to see the surface 
evenly brightly illuminated in a lateral direction 
(due to the difference in brightness coefficients). 
This impression always subsists; also in the sys 
tems shown in Figs. 1l and 12. 

'I‘he above will be clarified by a numerical ex 
ample. Assuming the ideal case which, however, 
never occurs in practice, i. e. that a highway 
surface in the dry state is of uniform brightness 
throughout its length, it is found that the bright 
ness of such a surface when wet show differences 
in brightness of 16:1; assuming that the bright 
nesses on the side of the highway at which both 
the observer and the light source are located are 
16 times as great as those on the opposite side. 
We have found that a very great improvement is 
obtained when the remote surface portion i. e. 
the portion opposite a light source (and the ob 
server) in its dry state shows a brightness which 
is four times as great as on the side adjacent the 
light source. As a result the brightness of this 
surface on adjacent side wet state is four times 
as great as the brightness on the oppositetside. 
From this it follows that the relation 1:16 has 
been reduced to 1:4. 
The construction and positioning of a reflector 

which distributes light in the manner shown in 
Fig. 11, will be explained with reference to the 
Figures 14 and 15. In Fig. 14 the major axis of 
such a reflector is denoted by the line XY. In a 
plane V passing through line XY is a curved line 
43--44-45, which acts as the generatrix of the 
side portions of the reiiector. As. regards its po 
sition and form, this line determines to a large 
degree the direction of the light beam reflected 
by the reflector surface portion generated thereby. 
It will be appreciated that for every special case 
line 43-44-45 must be given a different form,and 
it is preferably formed by a second degree curve, 
such as a parabola, whose focus F lies in line XY. 
In this case line 44-F is the axis of the parabola 
43--44--45 and by varying the angle 44-F-X 
it is possible to vary, in accordance with the 
width of the highway surface to be illuminated, 
the position of the reflected beam formed by the 
reflector portion generated. We have found that 
the deviation from the perpendicular position of 
line 44-F relative to XY may have a maximum 
value of 10°, i. e. the angle 44--F-X may be 
from 80° to 100°. 
When the reflector has to throw two equal and 

opposite light beams on the highway surface, such 
as is the case, for instance, in Fig. 11, a genera 
trix similar to generatrix 43-44-45 is provided 
on the opposite side of the l'ine XY, so that a 
plane perpendicular to plane V and passing 
through line XY can be ,considered as the “sym 
metry” plane of the reñector. When, however, 
the reflector emits only one strong beam, for 
instance the left half of the beam 40 in Fig. 11, 
only one of the elongated reflector portions is 
formed in the manner shown in Fig. 14. 

In forming the reflecting surface portion, the 
generatrix 43--44.-45 is moved so that the sur 
face formed intercepts planes A, B and C, which 
extend normally to axis XY, in parabolic direc 
trices 46, 41 and 48 whose foci lie in the points 
of intersection of planes A, B and C with the ma 
jor axis XY. Consequently the major axis XY 
forms the geometrical position or locus of the foci 
of paraboles 46, 41 and 48. The above may be 
more clearly explained by using expressions em 
ployed in ship-building, in which planes A, B and 
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C would be the frame planes and lines 46, 41, and 
48 would be frame lines. 
The axes of the parabolas lying in the frame 

planes, i. e. lines 49-50, 5I-F, and 52--53, pref 
erably make an angle C of about 20° to 40° with 
the plane determined by lines 44-F and XY, 
which plane will hereinafter be called the “major” 
plane. 
As has been stated, at least one of the extreme 

elongated reñector portions is formed in the man 
ner shown in Fig. 14. It will be appreciated that 
the intermediate portion which intersects the 
elongated reflecting position shown in Fig. 14 
along line 16-11-18 and which part is noted in 
Fig. 16 above line QR may be constructed in vari 
ous ways in accordance with the nature and the 
direction of the light beams to be obtained. This 
is of less importance than the form of the elon 
gated reiiector portions, but the intermediate 
portion is preferably so constructed that it shows 
a dent in a plane extending perpendicularly to 
the line 44--F and XY i. e. in the symmetry 
plane. The transition curve of each of the elon 
gated edges with the intermediate portion prefer 
ably lies in a plane M which extends through the 
major axis XY and makes an angle d of the order 
of magnitude of 10°, with the major plane. In 
Fig. 14 this transition curve is indicated by ref 
erence numerals 16, 11 and 18. 

Fig. 15 shows schematically how the reflector is 
positioned on the side of a road surface and the 
relative position of the main direction. This 
ligure shows a highway surface in oblique projec 
tion having a centre line I--I. The reñector is 
supported from a post 54, and the plane perpen 
dicular to center line I-I and passing through 
the center line of post 54 is indicated by refer 
ence letter Z, being the normal plane out of 
Figures 9 and 10. The major axis XY shown in 
Fig. 14 is denoted with the same reference nu 
merals in this ñgure, and lies in the plane Z, but 
as the opposite side of the highway is at a com 
paratively large distance from post 54 the axis 
XY is inclined at an angle f of about 45° to a 
line XG lying in plane Z and extending parallel 
to the surface of the highway. A so-called ma 
jor plane N, which includes the generatrices, ex 

, tends perpendicularly to plane Z amd' passes 
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through the axis XY. 
If the reflector is to provide for the distribution 

of light illustrated in Fig. 11, plane N includes 
two generatrices 43-44--45, which lie symmet 
rically with respect to line XY, and as shown in 
Fig. 14 these directrices are formed as parabolas 
and have a common focus at F. The axis of these 
parabolas are denoted by 44-F and both of the 
angles 44-F-X equal 88°; however, as stated 
they may also have different values. The gen 
eratrices 43-44-45 are moved along the direc 
trices 46, 41 and 48, to generate two reflecting 
portions. 
From Fig. 15 it appears that the two parabolas 

46 lie in the plane A, and their foci lie at the 
point of intersection of plane A and axis'XY, 
whereas parabolas 44 and 45 lie in the planes B 
and C respectively. As will be set out herein 
after, the light-radiating member L is so posi 
tioned with respect to the said reflector surfaces 
that at least its main direction intersects the 
major planes at least substantially perpendicu 
larly in the common focus of the generatrices. 
The position of the above-mentioned reflecting 

edge portions, the intermediate refiecting portion, 
and the position of the light source will be more 
clearly set forth with regard to Figs. 16, 17, and 
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18. In these figures the light source L is consti 
tuted by a super-high-pressure mercury vapor 
discharge tube located in a bulb; such light 
sources being described in the above-mentioned 
patent to Bol et al. 
The major axis of the reflector mentioned in 

connection with Figures 14 and 15, is indicated by 
XY in Figs. 16 and 17, and Figure 17 shows the 
position of the generatrices 43-44-45; the pro 
jections of the generatrices lying in a plane with 
line XY in Fig. 16. In the form of construction 
illustrated, generatrices 43-44-45 are parabolas 
whose common focus lies at F, and whose axes 
indicated lines 44-F in Fig. 17 make in this case 
angles 44-F-X, of the order of magnitude of 
80°, with the axis XY. The frame planes ex 
tend perpendicularly to line XY i. e. perpendicu 
lar to the plane of the drawing in Fig. 16. 
Furthermore, Fig. 16 shows the position' of one of 
the elongated reflector portions generated by one 
of the generatrices moving along the frame lines, 
this portion being denoted by QKRSTU. In Fig. 
16 the extreme limiting edge of the reflector lies 
in a plane indicated by line STU, which plane 
preferably makes an angle YXS of the order of 
magnitude of 15° to 35° with the major axis XY. 
The reflector is provided with an aperture 66 

for introducing the bulb 8U which is mounted in 
a suitable ñtting 6|. The position of aperture 66 
and the supporting edge 62 of the reflector may 
be different from that shown, as will be explained 
hereinafter. The reflector is secured by means 
of the supporting edge 62 to a post 64 which is 
located perpendicularly to and at the side of the 
highway surface. (Not shown.) 

In Figures 16 to 18 the light source L is a high 
pressure mercury-vapor discharge tube having a 
contracted discharge path, and is so positioned 

y that the axis of the discharge path perpendicularly 
intersects a plane passing through the axis XY 
and perpendicular to the plane of the drawing in 
Fig. 16 in the common focus F of the two genera 
trices. Although such a light source is particu 
larly adapted for this purpose because of its high 
surface brilliance, and incandescent lamp pro 
vided with a filament, preferably of semicircular 
shape, may also be used successfully. When 
using an incandescent lamp the main direction 
extending through the center of gravity of the 
ñlament is located at the same place as the axis 
of the discharge path in Fig. 16. In order to use 
a lamp having a standard ñlament, it is desirable 
in this form of construction that the neck axis 
should coincide with the major axis XY, and for 
this purpose the center of the aperture 66 in the 
reflector is located in a plane perpendicular to 
the main axis XY, as shown in Fig. 16. 
In regard to Figs. 16, 17, and 18, it should be 

noted that when such a reiiector is used for high 
way lighting in which only one very strong beam 
is directed to the opposite side of the highway, 
such as illustrated in Fig. 13, only one of the ex 
treme elongated reflecting surfaces is constructed 
as shown in the drawings. More particularly, only 
one side would be provided with the portion 
QXRSTUZ shown in Fig. 16, whereas the opposite 
reflecting side of the reflector would be shaped 
to the form and the direction of the weaker beam 
of light to be reñected thereby. 
While we have described our invention with 

reference to speciiic examples and applications, we 
do not wish to be limited thereto, but desire the 
appended claims to be construed as broadly as 
permissible in view of the prior art. 
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2,229,034 
What we claim is: 
1, In combination, a highway having a sur 

face, a light source at one side of the highway and 
at least three meters above the surface thereof, 
and reflecting means cooperating with said light 
source to illuminate the “remote” half of the high 
Way surface portion lying between the intersect 
ing lines with the surface of planes making angles 
of at least 30° and 60° with the “normal” plane, 
with an intensity of at least twice the intensity 
on the “adjacent” half. 

2. A highway lighting system comprising a light 
source at one side ofthe highway and at a height 
of at least three meters, and reflecting means co 
operating with said light source to illuminate the 
“remote” half of the highway surface portion 
lying between the intersecting lines with the high 
Way surface of planes making angles of at least 
30° and 60° with the “normal” plane, with an in 
tensity of at least twice the intensity on the “ad 
jacent” half, said means comprising a reflector 
Whose major axis is perpendicular to the longi 
tudinal axis of the highway and having a surface 
portion having a generatrix, and parabolic direc 
trices lying in planes perpendicular to the major 
axis with their foci lying in said axis. 

3. A highway lighting system comprising a light 
source at one side of the highway and at a height 
of at least three meters, and reilecting means co 
operating with said light source to illuminate the 
“remote” half of the highway surface portion 
lying between the intersecting lines with the high 
way surface of planes making angles of at least 
30° and 60° with the “normal” plane, with an 
intensity of at least twice the intensity on the 
“adjacent” half, said means comprising a reflector 
whose major axis is perpendicular to the longi 
tudinal axis of the highway, and having two re 
fleeting portions arranged symmetrically with re 
spect to the major axis, each of said portions hav 
ing a generatrix, and parabolic directrices lying 
in planes perpendicular to the major axis with 
their foci in said axis. _ 

4. A highway lighting system comprising a light 
source at one side of the highway and at a height 
of at least three meters, and reflecting means co 
operating with said light source to illuminate the 
“remote” half of the highway surface portion lying 
between the intersecting lines with the highway 
surface of planes making angles of at least 30° 
and 60° with the “normal” plane, with an in 
tensity of at least twice the intensity on the “ad 
jacent” half, said means comprising a reflector 
whose major axis is perpendicular to the longi 
tudinal axis of the highway and having two por 
tions arranged symmetrically with respect to the 
major axis and having generatrices in the form 
of second degree curves whose foci lie in the major 
axis and forming edges of the portions lying in a 
common plane, and parabolic directrices lying in 
planes perpendicular to the major axis with their 
foci in the major axis, and an intermediate re 
flecting portion having a dent in the plane of 
symmetry of the reñector. 

5. A highway lighting-system comprising a light 
source at one side of the highway and at a height 
of at least three meters, and reflecting means co 
operating with said light source to illuminate the 
“remote” half of the highway surface portion 
lying between the intersecting lines with the sur 
face of planes making angles of at least 30° and 
60° with the "normal” plane, with an intensity 
of at least twice the intensity on the “adjacent” 
half, said means comprising a reflector whose 
major axis is perpendicular to the longitudinal 
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axis of the highway and having two portions 
arranged symmetrically with respect to said axis 
and having generatrices in the form of second 
degree curves whose foci lie in said axis, and para 
bolic directrices lying in planes perpendicular to 
said axis with their foci in the axis, the axis of 
said directrices making angles of between 20° and 
40° with the major plane of the reflector. 

6. A highway »lighting system comprising alight 
source at one side of the highway and at a height 
of at least three meters, and a reflector whose 
major axis is perpendicular to the longitudinal 
axisof the highway and. having two reflecting 
portions arranged symmetrically with respect to 
the major axis and having generatrices whose 
foci lie in the major axis, and parabolic directrices 
lying in planes perpendicular to the maior axis 
with foci in the major axis, and an intermediate 
reflecting portion intersecting said first two por 
tions in lines lying in planes making an angle 
of the order of 10° with the major plane of the 
reflector. 

7. A highway lighting system comprising a light 
source at one side of the highway and at a height 
of at least three meters, and a reflector whose 
major axis is perpendicular to the longitudinal 
axis of the highway and having two portions ar 
ranged symmetrically with respect to the major 
axis and having generatrices whose foci lie in 
the major axis and whose axis make an angle 
of between 80° and 100° with the major axis, and 
parabolic directrices lying in planes perpendicular 
to the major axis with foci in the major axis. 

8. A highway lighting system comprising a light 
source at one side of the highway and at a height 
of at least three meters, and a reflector whose 
major axis is perpendicular to the longitudinal 
axis of the highway and having two portions ar 
ranged symmetrically with respect to themajor 
axis and having generatrices whose foci lie in 
the major axis, and parabolic directrices lying 
in planes perpendicular to the major axis with 
foci in the major axis, the edges of said reñector 
lying in a plane making an angle of from 15° to 
35° with the major axis. 

9. A highway lighting system comprising a light 
source at one side of the highway and at a height 
of at least three meters, and a reilector whose 
major axis is perpendicular to the longitudinal 
axis of the highway and having two portions ar 
ranged symmetrically with respect to the major 
axis and having generatrices whose foci lie at 
a common point in the major axis, and parabolic 
directrices lying in planes perpendicular tb the 
major axis with foci in the major axis, the main 
direction of the light source being substantially 
perpendicular to the major plane of the reflector 
and intersecting the same at the common focal 
point of the generatrices. 

10. A highway lighting system comprising an 
incandescible‘ lamp disposed at one side of the 
highway and having a neck portion, said lamp 
being at least three meters above the surface of 
the highway, and a reflector whose major axis 
is perpendicular to the longitudinal axis of the 
highway and having two portions arranged sym 
metrically with respect to the major axis and 
having generatrices whose foci lie in the major 
axis, and parabolic directrices lying in planes 
perpendicular to the major axis with their foci 
in the major axis, the axis of the ’neck portion 
of the lamp passing through the common focal 
point of the generatrices and forming an angle 
of from 30° to 40° with a plane passing through 
the generatrices at the edges of said portions. 
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11. In a highway lighting system a high-pressure 

metal-vapor discharge tube having a contracted 
discharge path and located at one side of the 
highway and at a height of at least three meters, 
and a reflector whose major axis is substantially 
perpendicular to the longitudinal axis of the high 
way and having two reflecting portions arranged 
symmetrically with respect to the major axes and 
having generatrices whose foci lie at a common 
point in the major axis, and parabolic directrices 
lying in planes perpendicular to the major axis 
with their foci in the major axis, the discharge 
path of the tube lying in a line passing through 
the common foci of said generatrices. 

12. In a highway lighting system an incan 
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descible lamp having a illament. and located at 
one side of the highway and at a height of at least 
three meters, and a reflector for said lamp having 
a major axis substantially perpendicular to the 
longitudinal axis of the highway, said reiiector 
having two reflecting portions each having a 
generatrix whose focus lies in a common point 
on the major axis, and parabolic directrices 1y 
ing in planes perpendicular to the major axis, 
said lamp having a “main” direction passing 
through the common focus and substantially per 
pendicular to a plane passing through the edge 
generatrix of each of said portions. 
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