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[57] ABSTRACT 

A toroidal, gas ?lled arc discharge ?ash lamp encircles 
a re?ector having a surface of revolution coaxial with 
the lamp and comprising the locus of normals to the 
bisectors of lines tangent to consistent loci on the to 
roidal lamp and of lines intersecting the axis at a con 
stant angle. Light is re?ected substantially uniformly 
nearly 360° around the re?ector and concentrated 
around an angle somewhat above the horizontal. 
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OMNIDIRECTIONAL LIGHT BEACON WITH 
TOROIDAL FLASH LAMP 

BACKGROUND OF THE INVENTION 

As disclosed in copending US. Pat. application Ser. 
No. 212,190, ?led Dec. 21, 1971, now Pat. No. 
3,771,120 by Robert P. Bonazoli and Donald I. Coggins 
and erntitled Airport Runway Approach and Reference 
Lighting System and airport beacon unit may have both 
a directional gas discharge ?ash lamp and an omnidi 
rectional ?ash lamp. The directional lamp or a series of 
them are aimed in a relatively narrow beam toward and 
on the correct line of aircraft approaching a runway. 
The intensity of the lamp is governed by the duration 
of its discharge. The omnidirectional lamp radiating in 
all directions serves for earlier location of the runway, 
and also serves as a quench tube for terminating dis 
charge of the directional lamp, thereby controlling the 
intensity of the directional lamp light emission. 
The object of the present invention is to provide an 

improved optical system for multidirectionally radiat 
ing light from the quench tube so as to produce a light 
intensity of nearly uniform magnitude in substantially‘ 
all directions about. a vertical axis, with maximum in 
tensity at a preselected angle relative to the horizontal 
plane. 

SUMMARY OF THE INVENTION 

According to the invention a multidirectional light 
comprisees a lamp of toroidal volume curved in a plane 
substantially around an axis normal to the plane, a re 
?ector, and means to mount the lamp in ?xed relation 
thereto, the re?ector comprising a surface of revolu 
tion curved around the lamp axis and de?ned by a gen 
eratrix of the surface intersecting the lamp plane be 
tween the lamp and its axis and comprising the locus of 
normals to .bisectors of the angle between two sets of 
lines, the ?rst lines being tangent to consistent loci on 
the toroidal volume and-the second lines intersecting 
the axis at a constant'angle such that the maximum in— 
tensity vof re?ected‘ light is substantially uniform 
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holder 12 electrically interconnects the lamp terminals 
with a power supply within the control cabinet 1. 

. FIG. 2 

The re?ector 4 is a polished, surface of revolution 
about the axis A of a generatrixcurve G de?ned as fol 
lows. A portion of the lamp. 9 is shown in vertical sec 
tion centered on the horizontal plane P and displaced 
outwardly a distance D from the axis of revolution and 
of the toroidal lamp volume. A ?rst line T is drawn tan 
gent to the inward surface of the toroidal volume of the 
lamp 9. A second line X intersecting the ?rst line T at 
point 20 is drawn at the angle to the horizontal plane 
P at which the lowest light ray 21 is desired to radiate 
from the re?ector. In an airport beacon system it is usu 
ally desirable for the lowermost ray 21 to issue horizon 
tally, parallel with the ground, hence the line X is paral 
lel, or at a zero degree angle to the plane P. Where, as 
shown in FIG. 3, it is desired that the lowermost ray 
21* issue below the horizontal, the line X* is drawn at 
a corresponding angle x* to the horizontal. After draw 

- ing a bisector B of the angle between the ?rst and sec 
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through', and concentrated around a selected-angle rel- . 
ative to the lamp plane. 

[ ' _' ‘DRAWINGS " 
FIG. I is an isometric view of an omnidirectional 

light beacon according'to the invention; 
FIGS. 2 and 3 are optical diagrams of the beacon of 

FIG. 1.; and 
FIG. 4 is a graph of light distribution from the bea 

cons of FIGS. 2 and 3. > 

' DESCRIPTION 

FIG. 1- - 
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As shown in FIG. 1 an omnidirectional ?ash lamp . 
system suitable for use in the previously described air 
port system or for other beacon use is mounted on a 
control cabinet .1. The beacon comprises a base 2 at 
taching a clear or tinted transparent cylindrical glass 
enclosure 3 to the base 2. Mounted on the base 2 is ‘a 
hollow metallic re?ector 4 having top and bottom por 
tions 6 and 7 separably joined at a central seam 8. A 
?ash lamp 9 of toroidal volume encircles the re?ector 
in the plane of the central seam and with the lamplaxis 
coincident with the re?ector axis A. Brackets l l on the 
lower re?ector portion 7 support. the lamp, and a lamp 

0nd lines T and X, a line N normal (i.e., perpendicular) 
to the bisector B at the point P represents a reflecting 
increment on the generatrix G. Repetition of the devel 
opment of the above described increment willtrac'e the 
complete generatrix G. Successive ?rst lines must be 
drawn consistently tangent to successively adjacent 
surfaces of the lamp volume. To construct a particular 
generatrix curve a point on the line P representing the 
horizontal plane is selected with regard to the cross sec 
tional radius R of the lamp volume-and to the radius of 
its torus which equals the displacement D of the torus 
from the vertical axis. Fora lamp of sectional radius 
R=0.6O cm. and toroidal diameter D=5.08_ cm. a suit 
able value for the length of the ?rst X1 from the axis 
A to the generatrix G is 3.11 cm. Other suitable dimen 
sions shown’ in FIG.‘ 2 are S=9.54 cm., U=ll.30.cm., 
‘W=.7.76 cm. These three latter dimensions are selected 
with respect to the desiredlimits of the reflector size 
and the intensity of concentration; of the emitted light 
close to the horizontal or ground plane. For greater 
concentration the extreme upper and lower edges of 
the re?ector are at a greater distance D+S from the axis 
A than the lamp displacement‘ D, so that one or both _ 
of the extreme edges overhang the lamp. 
Having located one point on the generatrix curve a 

line T1 is drawn from the lamp volume, a bisecting line 
B drawn and a normal N to B drawn at the selected 
point as described above with respect to point 20. The 
generatrix curve is then completed graphically by con 
necting successive normal increments to the ?rst nor 
mal increment in a known construction manner. 
The above graphic description of the generatrix is 

summarized as follows: > . i _ 

The generatrix G is the locus of normals N to bisec 
tors B of the angle between ?rst lines T tangent to the 
toroidal lamp volume and second lines X intersecting 
the axis A of revolution at a constant angle x. 
An equivalent description of a generatrix re?ector 

may also be made mathematically in spherical coordi 
nates p, g and r shown in FIG. 2 according to the equa 
tion below wherein p is the angle in the vertical plane, 
3 the angle in the horizontal planes,-r the variable'ra 
dius, R the ?xed radius of the toroidal lamp volume, D 
the displacement of the lamp volume center C fromthe 
vertex V of the re?ector, and H a parameter dependent 
on re?ector size: ' . 



As shown in FIG. 2 by way of example, the dimen 
sions of the re?ector in relation to the toroidal lamp 
may be 'as follows: 
D — 5.08 cm. 

R + 0.60 cm. > 

S — 9.54 cm. 

U -— 11.30 cm. 

W — 7.76 cm. 

. - Either of the above graphic or mathematical methods 

will generate a family of re?ector curves, all of which 
satisfy the requirement that the lowermost ray issue 
from the re?ector at the desired minimum angle with 
respect to the horizontal plane P. Moreover the re?ec 
tors so generated will concentrate the beam of rays 
within a relatively narrow vertical angle above the low 
ermost ray. Although rays on lines 21 consistently tan 
gent to the inward surface of the lamp volume re?ect 
at the desired minimum angle x, rays such as 22 or 23 
in FIG. 2 emanating from outer surfaces of the toroidal 
volume will be re?ected at an angle )1 above, the hori 
zontal. The'angle, however is limited and substantially 
all concentrated near the horizontal as shown in FIG. 
4. 
FIG. 4 ‘ 

A beacon constructed with the above dimensions will 
distribute light with the speci?c distribution shown by 
the solid line curve I. At the below zero degrees above 
the horizontal the intensity of radiation is low and drop 
ping sharply. Maximum intensity is at about 5° above 
horizontal, and above 5° drops off sharply, indicating 
the efficiency of the present re?ector in concentrating 
light near the horizontal or other desired angle. Simi 

- larly the broken line curve I* shows a similar concen 
tration of light at the slightly lower angle afforded by 
the re?ector generated by the curve of FIG. 3. 
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It should be understood that the present disclosure is 

for the purpose of illustration only and that this inven 
tion includes all modi?cations and equivalents‘ which 
fall within the scope of the appended claims. 

I claim: 
1. A multidirectional light comprising: 
a lamp of toroidal volume having an axis concentric 
with the toroidal volume and having its central 
plane intersected perpendicularly by the lamp axis, 
the lamp being curved substantially around and 
equidistant from the lamp axis, 

a re?ector encircled by' the lamp with reflecting sur 
'_ faces'extending substantially above and below the 
central plane of the lamp, and 

means to mount the lamp in ?xed relation thereto‘, 
the re?ector comprising a continuous surface of rev‘ 

' olution curved around the lamp axis and de?ned by 
a generatrix of the surface intersecting the central 
plane of the lamp between the lamp and its axis, 
wherein the generatrix is de?ned by the equation: 

wherein p is the angle to a given locus on the generatrix 
in the vertical plane, r the variable radius to the locus, 
R the ?xed radius of the torodial lamp volume, D the 
displacement of the lamp volume center in the central 
plane of the lamp from the vertex of the re?ector, and 
H a parameter dependent on re?ector size, the central 
plane of_ the lamp being vertically asymmetric with re 
spect to the vertex of the re?ector so as to produce an 
asymmetric re?ected light distribution pattern with a 
peak intensity close to and above the lowermost ray is 
suing from the re?ector. ‘ 

- * 1|‘ * * * 



UNITED STATES PATENT OFFICE 

CERTIFICATE OF CORRECTION 

Patent No. 3.’ 852 , 584 Dated December 3 , 1974 

Inventor(s) Robert E- Levin 

It is certified that error appears in the above-identified patent 
and that said Letters Patent are hereby corrected as shown below: 

In column 4, claim 1, at the end of line 23, that portion 
of the equation reading ‘ 

2 
cos2] should read cos ] 

In column 4, claim 1, line 24, that portion of the 
equation reading 

p2Dp should read 2Dp 

Signed and sealed this 18th day of March 1.975. 

(SEAL) 
Attest: 

C. I‘IARSHALL DANE 
RUTH C. E’KSON Commissioner of Patents 
Attesting fficer and Trademarks 

ORM PO-1050 (10-69) 
USCOMM-DC 6O376-P69 

* U.S. GOVERNMENT PRINTING OFFICE : IS‘Q 0—366-334 


