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ABSTRACT: A compact high-intensity radiation device suita 
ble for use as a light signaling means and for other purposes in 
cludes a base, an enclosing envelope mounted on the base and 
constructed of translucent material together with a cover por 
tion of opaque material mounted atop the envelope to define a 
housing structure in which a main reflector and a secondary 
reflector are disposed in coaxial relationship with each other, 
each of said reflectors having reflecting surfaces of parabolic 
configuration. A point source of light is mounted at the focus 
of both the main and secondary reflectors and is surrounded 
by a hemispherical reflector. All reflectors are supported on 
the base by means of a plurality of support studs and a cutoff 
reflector is mounted on the secondary reflector to prevent un 
desired reflections within a limited segment, the device being 
generally adapted to direct a cone of light in all remaining 
horizontal directions and wherein the cone of light may be 
directed through an angle between a minimum of approxi 
mately 2 above horizontal and a maximum of approximately 
20 thereabove. 

  



PATENTED JAN 1972 3,634,675 

NVENT ORS 
ANDREW MAD SEN 
JOHN W. HARD Y 

AT TORN E Y 

  



PATENTED JAN 1972 3,634,675 
SHEET 2 OF 2 

NVENTORS 
ANDREW MADSEN 
JOHN W. HARDY 

AT TORN E Y 

  



3,634,675 

HIGH-ENTENSITYRADIATION DEVICE 
Airport-lighting systems and particularly runway markers 

and the like are difficult to locate by the pilot of an incoming 
aircraft due to the great profusion of lights of varying sizes, 
colors and dispositions found in the vicinity of most airports. 
This condition is particularly vexing and conducive to pilot 
frustration because the region immediately surrounding an 
airport is also a region of high-traffic density. 

In order to overcome the aforementioned difficulty and in 
accordance with this invention, a high-intensity source of visi 
ble radiation is provided by incorporating a plurality of reflec 
tors constructed with reflecting surfaces arranged coaxially 
with respect to each other and constructed so that a cross sec 
tion of each such reflector coincides with a portion of a 
parabola, the foci of which all coincide with a high-intensity 
light source. Preferably the light source is mounted at the 
focal point of a hemispheric reflector whose open side is 
disposed adjacent the parabolic reflectors. A cutoff reflector 
may be mounted on one of the parabolic reflectors and all of 
the reflectors are mounted on a base element by means of sup 
porting studs and the entire reflector structure is housed 
within an envelope mounted on the base and constructed of 
translucent material atop which a cover of opaque material is 
affixed. 
A radiation device constructed according to this invention 

can be constructed in a compact fashion due in part to the fact 
that reflection of radiation from a point source of radiation is 
precisely controlled to obtain high efficiency. 
While the invention as disclosed and described herein is 

primarily intended for the production of visible light, it will be 
understood that invisible portions of the spectrum may be em 
ployed in conjunction with the invention if desired. 
For a better understanding of the invention reference may 

be had to the following detailed description taken in conjunc 
tion with the accompanying drawings in which 
FIG. 1 is a generalized schematic view of an airport indicat 

ing device on which a plurality of radiation devices con 
structed according to this invention are mounted; 

FIG. 2 is an enlarged cross-sectional view of one of the 
radiation devices shown in FIG. 1 and constructed according 
to this invention, the view being taken along the line 
designated 2-2 in FIG. 1; 

FIG. 3 is a fragmentary cross-sectional view of a portion of 
FIG. 2 and taken along the line designated 3-3 in FIG.2 and 
in which; 
FIGS. 4, 5, and 6 are diagrammatic representations of 

geometric figures which illustrate some of the principles em 
ployed in the construction of a radiation device such as is 
shown in FIGS. , 2 and 3. 

In FIG. 1, an airport luminaire is generally designated by the 
numeral 1 and comprises a vertically disposed pedestal 2 atop 
which an arrow shaped luminaire housing 3 is affixed. 
Mounted atop the luminaire housing 3 are three radiation 
devices designated by the numerals 4, 5 and 6. Ordinarily the 
radiation devices 4, 5 and 6 constitute sources of visible radia 
tion and may be energized from an external source of electric 
current by means of suitable circuitry disposed within the 
housing 3 and connected with the radiation devices 4,5 and 6. 

In FIG. 2 one radiation device such as 6 is shown in cross 
section and comprises a baseplate 7 affixed to the luminaire 
housing 3 by a plurality of bolts 8. A circular envelope 9 of 
translucent material is affixed to the flange. 11 of a base 7 
which is mounted atop a cushion 12 of suitable rubber, plastic 
or other means of weatherproofing or the like. Disposed atop 
translucent envelope 9 is an opaque cover 14 secured to en 
velope 9 by cement 15 or by any other suitable means. Since 
the cover 14 ordinarily is required to shield the device from 
precipitation, it is normally constructed with a high-center 
point 16. 
For the purpose of supporting the internal reflecting and 

other structure of the radiation device, a plurality of support 
studs generally designated by the numerals 17 and 18 areaf 
fixed to baseplate 7. These studs are identical in construction. 
With reference to stud 17 an internally threaded pedestal 19 is 
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2 
affixed to baseplate 7 and an externally threaded rod 20 is 
screwed thereinto. A plurality of sleeves 21, 22 and 23 are 
disposed about rod 20 and a nut 24 is threadedly secured atop 
rod 21. The studs 17 and 18, as is apparent in FIG. 2, support 
the main reflector generally designated by the numeral 25, the 
secondary reflector generally designated by the numeral 26 
and the hemispherical reflector generally designated by the 
numeral 27. The cutoff reflector generally designated by the 
numeral 28 is affixed by bracket 29 to secondary reflector 26. 
Of course bracket 29 may be welded or otherwise secured to 
reflectors 26 and 28. 
As is apparent from FIG. 2, the main reflector 25, the 

secondary reflector 26 and the hemisphere 27 are 'coaxially 
disposed along the main axis 30 of the radiation device. A 
center point 31 of main reflector 25 is mounted in coin 
cidental relationship with the main axis 30 of the device and a 
central cutaway opening 32 is formed within the secondary 
reflector 26 and is circular in configuration. The center of the 

0 cutaway portion 32 is disposed in coincidence with the main 
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axis 30 of the device. 
As is apparent from FIG. 2, the point source of radiation 33 

may constitute a source of light such as a stroboscope lamp 
energized from an external source and through suitable cir 
cuitry by means of electric conductors 34 and 35. The center 
point 36 of point source of radiation 33 is disposed at the focal 
point of hemispherical reflector 27. 
The invention is based on principles which ideally contem 

plate a point source of radiation. In practice the source of 
radiation has a finite volume and is disposed so that its cen 
troid coincides with the focal point of the parabola as 
represented by numeral 36 in FIG. 2. 
From the above description, it is apparent that radiation 

emanating from point source of radiation 33 is directed up 
wardly by the hemispherical reflector 27. The reflecting sur 
faces of reflectors 25 and 26 are constructed so that cross sec 
tions thereof in a direction radially thereof are of parabolic 
configuration and the focus of the parabola for both the main 
reflector 25 and the secondary reflector 26 are located at and 
coincide with the point source of radiation33. 
A derivation of the above description may best be un 

derstood with reference to FIGS. 4, 5 and 6. 
In FIG. 4 a parabola E, D, J, F and E' is shown with its axis 

designated at B, B' and with its focus designated at A and its 
vertex at J. As is well known, an automobile headlamp, for ex 
ample, constructed with its cross section configured according 
to the parabola E, D, J, F, and E' and with a point source of 
light located at its focus A is effective to direct a beam of light 
toward the right along the axis B, B' and such light beams con 
verge at infinity. 

Since a reflector for use as a signaling device around air 
ports and the like must be capable of providing a signal which 
is observable from the vantage point of aircraft approaching 
from all directions, it is necessary to provide a device which 
emanates radiation in an efficient manner and which can be 
seen by all approaching craft from great distances. 

In order to provide a reflector having the desired charac 
teristics, a construction line such as is indicated at C, C' in 
FIG. 4 may be applied to the parabola of that figure and the 
entire figure canted about the focus A in a counterclockwise 
direction through the angle X. When so tilted the axis C, C 
appears as indicated in FIG. 5. The parabola E, D, J, F, E' then 
appears as shown in FIG. 5 and the focus A is disposed in 
coaxial vertical alignment with the points D and F and the ver 
tex is at J. Thus from FIG. 5, it is apparent that the arcuate line 
D, E in effect is a part of the parabola E, D, J, F, E'. Further 
more as is apparent from FIG. 5, the main reflector such as 25 
of FIG.2 may be provided in which the center point 31 coin 
cides with the point D of FIG. 4. Of course the generally coni 
cal conical main reflector 25 is constructed so that an imagi 
nary radial line drawn from the center point 31 (D) through 
the reflector unit outwardly defines a cross section which is in 
coincidence with a part such as DE of an imaginary parabola. 
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A reflector constructed according to FIG.S utilizes a lower 
reflector 25A the portion F, E' of which is defined by a por 
tion of parabola E, D, J, F, E'. 
While a main reflector constructed as indicated in F.G. S is 

satisfactory for many purposes, it has been determined that for 
most airport signaling purposes it is preferable to replace the 
lower reflector such as 25A with a hemispherical reflector 
such as is indicated at 27 in FIG. 2. By this means all of the 
light or other radiation emanating from the point source 
reflector 33 is directed upwardly. Furthermore, the center of 
and focal point of the hemispherical reflector 27 preferably is 
arranged to coincide with the focus A of the parabola E, D, J, 
F. E", i.e., of conical main reflector 25. 
Thus by means of the main reflector 25 and the hemispheri 

cal reflector 27 constructed according to FIGS. 2 and 5, a 
device is provided according to one aspect of the invention 
which effectively directs radiation upwardly through a limited 
vertical angle outwardly and somewhat above the horizon and 
through 360°. For some purposes a reflector utilizing the main 
reflector 25 and hemispheric reflector 27 having common 
focal points at A as indicated in FIG. 5 is useful. 
The light which is reflected from the main reflector 25 is 

controlled and is a part of an efficient high-intensity radiation 
of light along axis B, B' which inscribes a shallow cone. The 
light however which emanates directly from point source of 
radiation 33 and which proceeds upwardly and outwardly 
without reflecting from the main reflector is largely unconcen 
trated and to some extent wasted because it is not controlled 
and directed in an efficient manner. 
According to one aspect of the invention, the supplementa 

ry reflector 26 is added so as to prevent the passage of a great 
deal of radiation directly from point source 33 outwardly 
without being diverged and controlled by a reflector. 
As already pointed out secondary reflector 26 is provided 

with a central circular aperture 32 which constitutes a cu 
taway portion about which the reflecting portion is generally 
symmetrically disposed. The secondary reflector 26 is also 
constructed so that a cross section taken along a radial line 
emanating from the main axis 30 of the device and through 
center point 31 of reflector 25 and drawn through the reflect 
ing surface of secondary reflector 26 is arranged so as to coin 
cide with a parabola. For example, and with reference to FIG. 
6 the line E, E' is drawn parallel to the line C, C' and the line 
D, D' is drawn parallel with the line B, B' so that line D, D' 
and E, E' intersectata point designated I. 
From FIG. 6 it is obvious that radiation from the point 

source 33 which is disposed at focus A in FIG. 6 and which 
reflects from the main reflector 25 along the line designated in 
FIG. 6 by D, E will not strike the secondary reflector 26 as 
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designated by H, I due to the fact that center point 31 of 50 
reflector 26 as designated by the letter D is at approximately 
the same level or distance from the axis B, B' of parabola E, D, 
J, E'. By the same token radiation emanating from source 33 
at focus A may engage the right-hand surface of reflector 26 
and be directed toward the right as is apparent from FIG. 6 in 
a direction along the axis B, B' because the parabola defining 
segment H, I is canted so that its focal point coincides with the 
focal point A. Thus uncontrolled radiation from point A up 
wardly and outwardly in all directions is not lost but instead is 
controlled by the main reflector 25 and by the secondary 
reflector 26. 
Should the radiation from point source 33 at focus A out 

wardly and below the effective area of reflector 26 be wasted 
to such an extent as to be intolerable, a tertiary reflector con 
structed similar to secondary reflector 26 and in keeping with 
the construction principles set forth in FIG.6 may be provided 
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4. 
if desired. Of course the invention is not limited simply to a 
main, a secondary and a tertiary reflector and any number of 
reflectors may be coaxially disposed along the main axis 30 
and arranged so that their reflecting surfaces are constructed 
so that in cross section they are of a parabolic configuration 
and with the foci thereof disposed in coincidence with the 
main source of radiation33. According to this invention a high-intensity reflector is pro 
vided which may be seen for many miles by the pilot of an air 
craft approaching an airport and furthermore controlled 
radiation may be provided in a very compact structure of only 
a few inches in height and in diameter. 
The embodiments of the invention in which an exclusive 

property or privilege is claimed are defined as follows: 
1. A radiation device comprising a continuous 360° 

parabolic main reflector having an axis of symmetry in coin 
cidence with the main axis of the device and having a reflect 
ing surface configured so that a cross section of said reflecting 
surface in any plane in which the main axis of the device lies is 
part of a parabola with the geometric focal point of said 
parabola located on the main axis of the device and with the 
geometric axis of said parabola intersecting the main axis of 
the device and being angularly disposed with respect to the 
main axis, a point source of radiation disposed at said focal 
point, and a secondary reflector comprising a continuous 
360-parabolic reflector having a reflecting surface configured 
so that a cross section of said reflecting surface in any plane in 
which the main axis of the device lies is part of a parabola with 
the geometrical focal point and geometrical axis coincident 
with the geometrical focal point and axis of said main reflec 
tor, said secondary reflector being interposed between said 
main reflector and said point source of radiation and said 
secondary reflector having a cutaway center portion. 

2. A device according to claim 1 wherein the outer 
periphery of said secondary reflector is disposed to accom 
modate reflections from said main reflector in the direction of 
the axis of its imaginary parabola without interference 
therewith. 

3. A device according to claim 1 wherein the outer 
periphery of said secondary reflector is spaced from the axis of 
the imaginary parabola of said main reflector by a distance 
substantially equal to the spacing between said center point of 
said main reflector and said axis. 

4. A device according to claim 1 wherein the outer periphe 
ries of said main and of said secondary reflectors are substan 
tially coincidental along lines which are parallel to the main 
axis of the device. 

5. A device according to claim 1 wherein a cutoff reflector 
is secured to said secondary reflector along the inner edge of 
said reflecting portion and extending through the cutaway 
portion thereof. 

6. A device according to claim 5 wherein said cutoff reflec 
tor is of generally arcuate configuration in a plane parallel to 
the main axis of the device. 

7. A radiation device comprising a continuous 360° 
parabolic main reflector having an axis of symmetry in coin 
cidence with the main axis of the device and having a reflect 
ing surface configured so that a cross section of said reflecting 
surface in any plane in which the main axis of the device lies is 
part of a parabola with the geometric focal point of said 
parabola located on the main axis of the device and the 
geometric axis of said parabola intersecting the main axis of 
the device and being angularly disposed with respect to the 
main axis, and a point source of radiation disposed at said 
focal point. 

x: sk sk sk 


