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United States Patent Office 3,096,024 
Patented July 2, 1963 

3,696,824 
AERXER SLG 

Cia on J. T. Young, Alexandria, Va., assignor to Cut 
ooik Etigiaeering Corpora;icia, Alexandria, Wa., a cor 
pcration of Wirginia 

Fied Apr. 26, 1951, Ser. No. 505,687 
6 Clainas. (C. 240-2) 

This invention relates to a marker light, particularly 
a light capable of directing a concentrated beam along 
and over the surface of a runway, while presenting an es 
sentially flush surface with respect to the runway Surface. 
The present invention is adaptable to use with road 

ways, and structures defining a path of travel of that type, 
and is particularly suitable in providing light beams di 
rected along the surface of airport runways, providing a 
direction-indicating beam which has its major intensity 
at such an acute angle with respect to the runway surface 
that the beam will be visible to the eyes of a pilot guiding 
an aircraft toward the runway at low altitude. Since 
these marker lights are mounted either in the runway 
surface or directly alongside the surface, it is desirable 
that the lights themselves present an essentially flush top 
with respect to the runway surface, to avoid creating a 
bump or obstruction, while at the same time such top 
must of course be translucent and must be capable of 
withstanding considerable load in case aircraft or the like 
are run over the lights. For example, one typical re 
quirement for such a light is a capacity to withstand a 
static loading of several hundred p.s. i. At the same time, 
the marker light should be capable of projecting a well 
defined or concentrated beam along the runway, and 
while of course the beam will disperse somewhat along 
its length away from the source, its top rays (of any sub 
stantial intensity) should be at a low angle, preferably 
not over about 16-20 with respect to the ground from 
the light source. 
Such marker lights are often required to direct a beam 

of light of substantial intensity, for example in the range 
of 10 to 50 kilocandles peak intensity at its center, and 
lamps which give light of such intensity normally can be 
expected to generate substantial radiation in the infra 
red or near infrared portion of the spectrum. Thus, sub 
stantial amounts of heat will be generated, and usually in 
a confined space of, for example, less than two cubic 
feet. Since the marker light will normally be closed at its 
top, by the refracting lens which directs the light beam 
as desired and which is sealed to the recessed housing so 
as to protect the light from weather, the thermal load 
upon such a lens will be considerable, and special lens 
constructions are provided by this invention for use under 
Such circumstances. 

Accordingly, the primary object of this invention is to 
provide a novel marker light construction for roadways, 
runways, and the like, which is capable of flush mount 
ing with respect to the runway surface while directing 
a beam over the surface in a predetermined direction and 
at an acute or low angle with respect to the runway sur 
face. 
Another object of this invention is to provide a novel 

marker light for runways, roads, and the like, which is 
capable of delivering a high intensity beam of light con 
centrated in a particular direction over the runway sur 
face. 
A further object of this invention is to provide a novel 

optical element which is capable of withstanding sub 
stantial heat, while retaining a precise form, and which 
is particularly useful in runway marker light construc 
tions. 
An additional object of the invention is to provide a 

novel refracting lens capable of concentrating and bend 
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ing a light beam to emerge as close as possible from a 
surface thereof. 

Other objects and advantages of the invention will 
be apparent from the following description, the accom 
panying drawings and the appended claims. 

In the drawings 
FIG. 1 is a vertical section, with some parts shown in 

elevation, taken through a marker light constructed in 
accordance with the invention; 

FIG. 2 is a diagram showing a typical placement and 
use of such marker lights along a runway; 
FIG. 3 is a plan view of a refracting lens used in the 

marker light; 
FIG. 4 is a view partly in section and partly in eleva 

tion, taken along line 4-4 in FIG. 3; 
FIG. 5 is an enlarged partial section view including 

also portions of a ray diagram; 
FIG. 6 is a view similar to FIG. 4, showing another 

type of refracting lens which is particularly useful in ap 
plications where the lens is subjected to considerable 
heating; 

FIGS. 7 and 8 are charts demonstrating the beam di 
recting capabilities of the marker light; and 
FIG. 9 is a view of a modified form of marker light 

in accordance with the invention. 
Referring to the drawings, which illustrate preferred 

embodiments of the invention, and particularly with re 
spect to FIGS. 1 and 2, marker lights are shown as ar 
ranged serially along opposite sides of a runway having 
a surface 10, and each light i directs a relatively con 
centrated beam 2 along the sides of the runway to de 
fine the margins thereof and the direction in which the 
runway extends. As shown in FIG. 1, the marker lights 
are housed within recessed pots or wells 15 formed or 
placed in the runway, and having adjacent their upper 
end a mounting ring 16. This ring is preferably set 
somewhat below the runway surface to accommodate the 
lens structure of the marker light, as will be explained, 
in essentially flush relation with respect to the runway 
surface. It is understood that a suitable electrical sup 
ply (not shown) is connected into the well 15, and this 
of course may be controlled from some remote location 
in any desired manner. 
The mounting ring 16 carries a sealing gasket 18 on 

its upper surface, and over this ring there is placed a 
clamping ring 20 which is removably secured to the 
mounting ring by a plurality of bolts 22. The main sup 
port ring of the light, indicated generally at 25, includes 
an outwardly extending lip 26 which is secured between 
clamp ring 20 and gasket 8. The ring 25 in turn in 
cludes a smaller lens clamping ring 28 which is fastened 
by bolts 29 (one shown in FIG. 1) to the main ring 25, 
and which serves to hold the refracting or beam direct 
ing lens element 30 in position. Preferably, gasket 3 
is placed between ring 28 and the lens, as shown, and a 
gasket 32 is placed between the underside of the lens ele 
ment and ring 30. 
A pair of straps 34, one of which is shown in FIG. 1, 

extend from the main mounting ring 25 downwardly 
and laterally to support a lamp mounting adapter 35, and 
this adapter includes a removable clamp ring 36 which 
holds in place, as shown, a light source which may con 
veniently be in the form of a "sealed beam' electrical 
lamp 40. Such lamps are commercial items, and include 
the usual filament 42 mounted properly with respect to a 
reflector portion 43 of the lamp to produce a beam of 
light having substantially little vertical spread as it is 
Sues from the lamp. This light beam is directed against 
the underSurface of the refracting lens 30. 
The lens has an under or inner surface, against which 

the light from the lamp is directed, in the form of a 
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plurality of substantially parallel prismatic configurations 
50 (FIG. 4) and each of these configurations includes 
a beam receiving surface 52 which extends at a pre 
determined angle with respect to the plane of the upper 
or outer surface 55 of the lens. In the particular con 
figuration shown, the upper surface 55 is not entirely 
flat, although it can be. It has been found that addi 
tional intensity in the horizontally directed light can 
be attained by having one surface 55a, that surface 
closest to the direction in which the beam emerges, es 
sentially flat while the other surface 55b at the opposite 
side of the lens slants slightly upward. The slope of 
this latter surface may be very slight, for example be 
tween 2 and 3 with respect to surface 55a. Thus the 
entire upper surface of the lens element is essentially 
flat, within a few degrees of being entirely horizontal, 
and when mounted presents an essentially continuous 
surface formation with the runway surface 10 as shown 
in FIG. 1. 
The majority of the light from the lamp 40 is directed 

so as to intersect the beam receiving surfaces 52 at 
right angles, and these surfaces are in turn constructed 
at an angle, with respect to outer surface 55, slightly 
less than the critical angle of incidence for the trans 
parent or light transmitting material of which the lens 
element 30 is constructed. Because of the slight in 
clined upper surface 55b, the beam receiving surfaces 
therebeneath may be at a slightly different angle from 
those beneath the surface 55a, in the particular con 
figuration shown. This difference will be such that, for 
glass or other material of the index of refraction used, 
the refracted beams will have a difference in direction 
equal to the angle between 55a and 55b. Thus the peak 
of each part of the beam can strike its final surface at 
Substantially the critical angle. However, in any event 
the beam receiving surfaces are all nearly parallel to 
each other, and are all constructed in planes which in 
tersect the upper surface of the lens element at an angle 
close to the critical angle of incidence. 
The mounting adapter 35 is so arranged with respect 

to the main lens supporting link 25 that, when the lamp 
40 is clamped in place and the lens is properly seated 
in ring 25, a major portion of the rays of the light beam 
from the lamp intersect the beam receiving surfaces 52 
of the lens undersurface approximately at right angles, 
there being some slight difference because of the differ 
ences required to assure that the rays intersect the sur 
faces 55a and 55b close to the critical angle. The rays 
of light, shown schematically at 60 in FIG. 5, thus pass 
through the lens element 30 and emerge from the upper 
or outer Surface 55 thereof at an angle near to grazing 
over the surface of the lens element. In other words, 
the rays of the beam are refracted the maximum amount 
possible without exceeding the critical angle of incidence, 
at which of course the rays would be reflected from 
the upper surface 55 and directed back into the lens 
element. 

Therefore, the resultant direction-indicating beam from 
the marker light is a beam projected close to the run 
Way Surface, for example the beam has considerable 
intensity at around 8 to 10° from the runway surface. 
FIGS. 7 and 8 illustrate the results obtained from a 
prototype lamp embodying the features of the inven 
tion. Maximum intensity along a vertical plane through 
the center of the beam was in excess of 8 kilocandles 
at between about 13 to about 18° above the runway 
Surface, and the intensity reduced to approximately 7 
kilocandles at about 10 to 12° above the runway sur 
face and at about 20 above the surface. 
As shown particularly in FIG. 3, in order to obtain 

better horizontal distribution of the beam it is desirable 
to construct the lens element as a symmetrical member 
about the center line along which the beam is directed. 
The prismatic configurations 50, and therefore the beam 
receiving Surfaces 52, fan outwardly and forwardly from 
Such center line with respect to the direction in which 
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4. 
the emerging beam is projected. This direction prefer 
ably is indicated by a marker arrow 65 on the lens ele 
ment to aid in proper installation. Therefore, the light 
is refracted also toward the longitudinal center line of 
the lens element, the two halves of the beam crossing 
a few feet from the exit surface, giving a greater hori 
Zontal spread of the emerging beam. The opposite 
initial effect on the beams can be obtained by arranging 
the configurations to fan in the opposite direction. Also, 
similar prism configurations can be used to obtain vari 
ation of these constructions. 

FIG. 8 is a graph illustrating the variation in intensity 
of the beam on opposite sides of the directional center 
line, the different curves being developed from readings 
taken at different vertical angles of traverse, or in other 
words at different elevations with respect to the runway 
surface, passing an intensity measuring instrument 
through a beam from a prototype lamp. It will be seen 
from this graph that maximum intensity spread of the 
beam at any particular elevation was confined to about 
6 to the right and left of the center, and beyond that 
the illumination dropped significantly. Thus, compar 
ing the curves derived from intensity measurements at 
different angles of traverse, it will be noted that a beam 
of light was formed over the ground surface having 
significant horizontal spread of only about 12. 

It will be appreciated from the foregoing that the 
emerging beam from novel flush, or almost flush, marker 
lights provided by this invention can be a well concen 
trated or well defined beam and that the maximum in 
tensity of the beam can be obtained along a path of less 
than about 20 elevation with respect to the runway 
surface. It will be also be appreciated that the beam 
can be concentrated or spread along the directional center 
line as desired. 
As mentioned previously, and as will be appreciated 

from the foregoing example of a typical construction 
of marker light, the lamp 40 may be of fairly high power, 
in order to give a beam of desired intensity. The en 
tire structure, on the other hand, is completely enclosed 
within the well 15, and the top of the well is covered 
by the various adapter and mounting rings as well as 
the lens element 30. Of course, since these lights are 
eXposed to all types of weather conditions it is not de 
sirable to provide for any interior ventilation, since to 
do so would allow the well to fill with water and lead 
to electrical short circuits. On the other hand, the high 
powered lamp emits considerable heat, and in fact such 
lamps generally emit considerable radiation in the in 
frared or near infrared part of the spectrum. The lens 
element 30 can be formed of pressed glass, but the prism 
configurations in particular have been discovered to have 
uneven Surfaces and rounded corners. This results in 
Scattering of rays striking such surfaces and resultant 
reduction in efficiency of the lens element. Various 
known optical plastics can be cast or molded to give a 
suitable surface configuration, but they will not with 
Stand temperatures of more than about 200 F. 
The present invention also provides a novel optical 

construction, as shown particularly in FIG. 6, which 
exhibits markedly improved temperature resistance char 
acteristics, and which is capable of withstanding tem 
peratures up to about 400 F. The lens element in the 
particular form suitable for use in the marker light, 
preferably is formed of a glass upper section 66 which 
may have a flat bottom surface and a top or outer surface 
which may include the slightly sloped area similar to 
the top surface portion 55b as shown in FIG. 4. Against 
the bottom of the glass member there is an essentially 
transparent optical coating or casting 67 preferably 
formed of an organosiloxane polymer, commonly referred 
to as silicone resin. This member is in the form of a 
rubbery or gummy material, in the nature of an unfilled 
silicone rubber, and is normally incapable of maintaining 
a precise configuration, having a relatively low tensile 
strength and not being rigid. However, when this mate 
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rial is cast, molded, or otherwise formed on the under 
surface of the rigid member 66, it retains its shape suffi 
ciently to maintain the desired prismatic configuration, 
as discussed previously, and the material is sufficiently 
clear, when properly cast, to have good optical properties. 
One material which has been employed in the manu 

facture of such a lens element is a silicone resin supplied 
by Dow Corning Corporation under their designation 
No. Q-3-0105, and identified by that company as being 
a mixed methyl polysiloxane polymer. This materia is 
obtained as a viscous fluid and will cure at room tem 
perature after addition of a catalyst such as a di-organo 
tin salt in quantities of 2 to 4%, the resultant product 
being a clear gun. It has been found that by using a 
minimum amount of catalyst, and thus the maximum 
curing time, a gum is obtained which is essentially free 
of air bubbles and thus of the best possible configuration 
for optical purposes. 
Another material which has been found suitable for 

molding parts of the type shown at 66 is a so-called type 
K interlayer resin, also supplied by low Corning Cor 
poration is uncured sheets under that designation, and 
identified by that company as being a mixed organo poly 
siloxane polymer which may be heat cured. In some 
instances this is a particularly desirable material for the 
present purpose, since it has high adhesion to glass. 

Other materials which have been employed in com 
bination with the Dow Corning Corporation resin No. 
Q-3-0105, for the purpose of increasing the adhesion 
of that resin to the glass, are as follows. A viscous fluid 
resin supplied by Dow Corning Corporation under their 
designation No. Q-3-0040, and identified by that com 
pany as being a dimethyl polysiloxane polymer which is 
cured on exposure to moisture, with liberation of acetic 
acid in catalyst quantities. It has been found that this 
material is useful in very thin sections or coatings, in 
the order of a few hundredths of an inch, particularly 
to increase the adhesion of the main resin body to the 
giass lens element. 
Another material used for its adhesion properties is 

that Supplied by Dow Corning Corporation, designated 
its No. A-4094 primer. This is a liquid material identi 
fied by that company as being essentially a complex mix 
ture of various alkoxy silicates in a naptha solvent. This 
material again has been used as a bonding agent between 
the number Q-3-0105 resin and the glass element. 

These silicone resins when cast or molded against the 
upper lens element 66 will be transparent, will retain 
their shape as noted, and exhibit a good resistance to 
temperature up to about 400 F. They also have desir 
able transmission characteristics in parts of the infrared 
and near infrared regions, and thus permit rays in this 
part of the Spectrum to pass through to the exterior of 
the light unit. 

Obviously, such combined optical elements as shown 
in FIG. 6 have utility in other applications where good 
optical properties and relatively high heat resistance are 
required. Accordingly, in this regard it is not intended 
to limit the scope of this disclosure to the use of such 
combination optical elements in the specific marker light 
constructions disclosed herein. However, such a com 
bined element is of particular utility herein, where there 
are requirements of structural strength, supplied by the 
glass, and a highly finished surface with adequate heat 
resistance, afforded by the silicone resin with its ability 
to retain proper shape for optical purposes when Sup 
ported by the glass. 

Another important feature of the composite optical 
element, particularly important in connection with the 
novel marker light constructions disclosed herein, is 
gained from an advantage obtained from the silicone 
resin prisins, resulting from the sharper edges which can 
be obtained in their formation. Because of this, the 
prisms can be Smaller than are possible in the ordinary 
construction with pressed glass, without losing any more 
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6 
light. In the ordinary unitary glass construction (i.e. as 
shown in FIG. 4) the thickness above the prism con 
figurations contributes most of the physical strength. 
Moreover, in a unitary glass element the prism con 
figurations on the bottom will reduce the overal strength 
of the element because they are regions cf stress concen 
tration when a downward load is applied putting the 
bottom surface under tension, and because during manu 
facture heat-flow conditions around a groove make it a 
difficult place to chill suddenly in tempering to obtain 
maximum strength. By permitting greater glass thick 
ness and by allowing the bottom of the glass to be fiat, 
use of the combination lens element increases the load 
bearing capacity of the unit. 

It should also be understood that the present invention, 
particularly as far as the composite optical elements are 
concerned, is not limited to a glass member for the part 
contributing physical strength and rigidity, since other 
Suitable rigid optical elements or materials can be used, 
for example to obtain a desired spectral transmission 
quality. The rigid or load bearing part of the composite 
element need not include a fiat surface, either, since it 
is possible to form suitable composite elements accord 
ing to the invention wherein the load bearing or rigid 
member is of concave cr convex configuration, for ex 
ample. 

FIG. 9 shows a modified form of marker light in 
accordance with the invention, embodying a reflector 
between the light source and the reflecting lens element. 
Thus, the lamp 140 is mounted to direct light rays into 
the reflector 145, and thence the light rays pass to the 
refracting lens element 30, which may be of any of the 
aforementioned types, including an arrangement for di 
recting the light rays such that they intersect the top 
Surface of the lens element close to the critical angle 
of incidence for the material. The reflector can be 
formed to control the spread of the beam entering the 
lens element. 

Also, in Some configurations it is unnecessary to con 
fine the protrusions of the lens element to a very small 
neasurement (for example a fraction of an inch) above 
the surrounding surface. Thus, it may be possible to 
mount the lens element 30 at a somewhat greater angle 
to horizontal, within the limits of the particular design 
configuration, and this will of course result in a beam 
emerging closer to the ground, and with its maximum 
intensity closer to the ground surface. 

While the forms of apparatus herein described con 
stitute preferred embodiments of the invention, it is to be 
understood that the invention is not limited to these pre 
cise forms of apparatus, and that changes may be made 
therein without departing from the scope of the invention 
which is defined in the appended claims. 
What is claimed is: 
1. A flush mounted marker light capable of directing a 

light beam along runways and the like and adjacent to 
the runway surface, comprising means providing a well 
Inember arranged for mounting in said runway surface, 
a mounting adapter fastened to said well member and 
extending about the upper end thereof approximately flush 
With the runway surface, a light source providing a con 
Centrated beam of light from within said well member, 
a light transmitting lens member mounted in said adapter 
to ciose said well member and having an essentially flat 
upper Surface extending across said well member approxi 
mately flush with the runway surface, said lens member 
being formed of material capable of Withstanding thermal 
shock resulting from heat from such light source as ac 
cumulated within said well member due to enclosure of 
said light Source therein and to the proximity of said light 
Source of said lens member, and said lens member having 
an underSurface Subdivided into a plurality of beam receiv 
ing Surfaces extending essentially parallel to each other 
and angularly arranged with respect to said light source 
and Said lens upper surface to direct a substantial portion 
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of light rays from said source through said lens member 
to intersect said upper surface thereof at an angle slightly 
less than the critical angle of incidence of the lens member 
causing refraction of the beam of light and directing the 
refracted beam issuing from said lens member at an acute 
angle with respect to said upper Surface. 

2. A flush mounted marker light capable of directing a 
light beam along runways and the like and adjacent to the 
runway surface, comprising means providing a well mem 
ber adapted for mounting in said runway surface, a 
mounting adapter fastened to said well member and ex 
tending about the upper end thereof approximately flush 
with the runway surface, a light source providing a con 
centrated beam of light from within said well member, a 
light transmitting lens member mounted in said adapter 
to close said well member and having an essentially flat 
upper surface extending across said well member approxi 
mately flush with the runway surface, said lens member 
being formed of heat resistant material capable of with 
standing thermal shock resulting from heat from such 
light source as accumulated within said well member due 
to enclosure of said light source therein and to the prox 
imity of said light source to said lens member, and means 
on said lens member cooperating with said light source 
directing the majority of light rays from said source 
through said lens member to impinge on said upper Sur 
face thereof at an angle near the critical angle of inci 
dence of the lens member with a substantial portion of 
the rays intersecting said upper surface below the critical 
angle causing refraction of a substantial portion of the 
beam of light and directing the refracted beam issuing 
from said lens member at an acute angle of less than 20 
with respect to said upper surface. 

3. In a flush mounted marker light capable of project 
ing a beam of substantial intensity in a predetermined 
direction and at a predetermined relatively low elevation, 
comprising a light source having an intensity in the order 
of several kilocandles, a refracting lens formed of heat 
resistant material capable of withstanding the heat and 
possible thermal shock from such light source in a small 
closed space and also capable of withstanding substantial 
static loads, means providing an open top well member 
adapted for mounting with its top slightly beneath the 
ground surface, means mounting said lens extending across 
said open top of said well member enclosing the interior 
thereof, said lens having an outer surface of essentially 
flat and continuous configuration adapted to face out 
wardly of said well member, an opposite surface in the 
form of a plurality of substantially parallel prismatic con 
figurations each having a beam-receiving surface extending 
in a plane generally parallel to the other beam-receiving 
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surfaces and each such plane intersecting said outer sur 
face of said lens at an angle related to the critical angle 
of incidence for the material of which said lens is con 
structed, and means mounting said light source relative 
to said opposite surface of said lens such that rays of the 
beam from said source are directed through said beam 
receiving surfaces to intersect said outer surface at an 
angle slightly less than the critical angle of incidence for 
the lens causing a substantial portion of said beam to 
emerge from said lens at an acute angle relative to the 
surface surrounding said well member. 

4. A marker light as defined in claim 3 in which the 
critical angle of incidence of the lens member and the 
relative mounted positions of the lens member and the 
light source are such that the refracted beam issuing from 
the lens member is of peak intensity at an elevational 
angle of less than 20 measured from the lens member 
with respect to the surface surrounding the well member. 

5. A flush mounted marker light as defined in claim 3, 
wherein said lens member includes beam-receiving Sur 
faces divided into symmetrical sets on opposite sides of a 
vertical plane through the center of said lens in the direc 
tion along which an exiting beam is projected, the respec 
tive sets of beam-receiving surfaces being disposed in 
angularly diverging relation with respect to said vertical 
plane and in the direction of the exiting beam to cause 
refraction of light rays received from said light source 
toward said plane as well as at an acute angle with respect 
to said outer surface of said lens member. 

6. A flush mounted marker light as defined in claim 3, 
wherein said beam-receiving surfaces are formed of trans 
parent silicone resin material having relatively little inde 
pendent rigidity but capable of being cast to precise con 
figurations and having sufficient heat resistance to avoid 
deformation of the resin material resulting from heating 
within the closed well member. 
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