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15 Claims. (CL 240-106) . 
This invention relates to luminaires having 

rheans for reducing the apparent size of the light 
source whereby one can obtain an emitted beam 
of light having a lesser degree of spread than 
would be obtained with the usual refractors or 
reflectors. The invention is applicable to lull 
minaires from which a considerable concen 
tration of light is expected. . With Such lumi 
naires, the application of this method of refract 
ing the light will produce more concentrated 
beams and sharper cut-back from the center of 
the beam than could otherwise be obtained. In 
effect, the apparent size of the light-source is re 
duced. 
According to the present invention the light 

is caused to pass through a Succession of refract 
ing elements so disposed that the refraction at 
the inner (or incident) surface of each refract 
ing element is greater than that at the outer 
surface of the corresponding element. This 
brings about a cumulation of the condensing ef 
fect of each refracting element. . 
In light projectors or luminaires in which a 

beam of light is produced, the minimum spread 
of the light beam is Ordinarily dependent upon 
the size of the light source and the distance of 
the light redirecting medium from the source. 
With past equipment designed for maximum 
concentration of light, these two factors have 
been, for practical purposes, the only two af 
fecting the degree of Spread obtained from the 
bean. . . . . . 

In general, the size of the light source is deter 
mined by the characteristics of the type of lamp 
used. Lamp designers, in certain cases, try to 
obtain the most concentrated source possible 
but there are certain limits beyond which they 
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cannot go and even to go to these limits may 
involve sacrifices in efficiency, life or other char 
acteristics of the lamp. In the case of electric 
incandescent filament lamps, Sources which are 
quite small can be obtained, but even these are 
not as small as sometimes is desired. In the case 
of electric incandescent vapor lamps, the size of 
the light giving body is necessarily much larger 
than it is in filament lamps. The increased size 
of the light source greatly increases the di 
vergence of light beyond what it would be with 
concentrated sources, and hence the same Con 
centration is not ordinarily available. The pres 
ent invention, by providing a new arrangement of 
light controlling means, overcomes the objec 
tionable spread of light from these large sources 
and brings it into angles comparable with those 

where more concentrated light Sources are em ployed. . . . . - 
The accompanying drawings show, for purposes 

of illustrating the present invention, several em 
bodiments in which the invention may take form, 
it being understood that the drawings are illus 
trative of the invention rather than limiting the 
same. . In these drawings: 

Fig. 1 shows a light source With two reflectors 
of different size illustrating the effect of size of 
reflector upon spread of emerging light beams; 

Fig. 2 shows a light source with two refractors 
of different size illustrating the effect of size of 
refractor upon spread of emerging light beams; 

Fig. 3 shows, in cross-section, a vapor-tube 
light Source with elements of a refractor, illus 
trating the reduction of spread when the direc 
tion of the beam is altered; 

Fig. 4 is a fragmentary cross-sectional view of 
a luminaire for a horizontal tubular light source 
With refracting Side plates employing the re 
fracting elements of Figure 3 to reduce the ap 
parent size of the source; 

Fig. 5 illustrates a projector designed to reduce 
the spread of the emitted beam; 

Fig. 6 shows a construction similar to that ill 
lustrated in Fig. 3 but with the two refracting 
elements spaced a substantial distance apart; and 

Fig. 7 shows how the Spread of the emitted 
light may be reduced even when there is no net 
change in the direction of the light passing 
through the refracting elements. 

It has been stated above that the degree of con 
centration obtained is partially a function of the 
distance of the light controlling medium from the 
light-source. This is illustrated in Fig. 1, which 
shows a lamp With light-source 2, small re 
flector 3 and larger reflector 4. Light ray 5 
strikes the Small reflector at point 6 and is re 
flected as shown. If the Small reflector were not 
used, the same light ray which may then be called 
T would strike the large reflector at point 8 and 
be reflected as shown. The direction of the 
reflected light is the same in the two cases since 
the reflectors are alike except for size and the 
slope at 8 is the same as at 6. With the small 
reflector, the angle included between the point of 
reflection 6 and the extremities of the light source 
9 and 0 is 10 in the example illustrated. There 
fore, the spread of the reflected light is also 
10. In the case of the large reflector, it is ob 
vious from the construction that the angle of 
light included between the point of reflection 8 
and the extremities of the light-source 9 and 
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2 2,115,178 vs 
fo is Smaller than in the case of the Small re 
flector. Actually this angle is 6 in the figure 
shown. Therefore, the Spread of the reflected 
light from a given point on the reflector is only 
6 with the large reflector as compared with 10 
for the corresponding point on the Small re 
flector. 
The action is similar in the case of refraction 

of light. Fig.2 shows a lamp f with light source 
f2 and Small refractor 3 and large refractor 4. 
Light ray 5 strikes the small refractor 3 at 
point 6 and is refracted into the direction indi 
cated. If the Small refractor were not used, the 
large refractor would intercept the Sane light 
ray now numbered T at point f8 and this light 
ray would be refracted in direction shown. This 
direction is the same as refracted ray 5 from 
the small refractor, the two refractors being 
identical in design. The angle of light included 
from point 6 to the extremities of the filament 
is in this particular illustration 10. Therefore, 
with ordinary methods of refraction, the spread 
of the light bearin emerging from point 6 is also 
0 or 5 each side of the light ray 5 shown 
emerging from the small refractor. In the case 
of the large refractor the Spread of light fron 
point 8 to the extremities of the light source 
is less than in the case of the Small refractor. 
This is obvious from the geometrical construction 
in the figure. The actual spread in this case is 
6. Hence, the light energing from point 8 
on the large refractor will have a spread of 6 
or 3 each side of the central emerging light ray 

7. This shows how the increase in size of a re 
fractor reduces the spread of the emerging light 
bean. 

However, it is expensive and often impossible 
to make the size of a reflector or a refractor...for 
concentrated light sources so large that the 
spread of the energing beam is as Small as de 
sired. The difficulty increases enormously with 
large sources such as vapor tubes. Instead of 
occupying an angle of less than 10, (which is 
easily obtained with concentrated sources) it may 
occupy angles in the neighborhood of 30, or 
more. If ordinary light control is employed, the 
minimum spread of the emergent beam would 
be the same high angle, resulting in poor con 
centration and absence of sharp cut-off. 

In Fig. 3 the light source 9 is large in size 
representing in cross-section a tube of incan 
descent vapor. A section of a refractor to redi 
rect the light from this source is shown at 20 
and 2 ?, 2) being an inner piece and 2 an outer 
piece. A typical point 22 on the inside of the 
inner piece receives light from the center of the 
source represented by light ray 23 and from the 
outer edges of the source represented by light 
rays 24 and 25. In the particular figure shown 
the spread of each of the extreme light rays from 
the central light ray is 15. Since light ray 25 
strikes the surface 200 at 22 at a greater. angle 
of incidence than light ray 23, it will receive 
greater deviation in the refracting medium than 
light ray 23. Similarly light ray 23 will receive 
greater deviation than light ray 24. Therefore, 
the three light rays in the glass will be brought 
closer together and the Spread of 5 each side. Of 
the central light ray will be reduced. In the ar 
rangement illustrated, the spread is reduced to 
8.1° above the light ray 23 and 9.3 below. the 
light ray 23, or a total spread of 17.4 in the glass 
20. In order to obtain the maximum advantage 
from this reduction in Spread of light, the outer 
surface 20b of the inner refracting piece is given 

A 

a slope which will produce as little refraction as 
is possible. The slope selected is such that cen 
tral light ray 23 when emerging from the outer 
surface of the inner piece will suffer no refrac 
tion at all. Light rays 24 and 25 are refracted 
slightly away from light ray 23 but this refrac 
tion is not as large as that obtained at the point 
22 on the inner Surface and therefore, the net 
spread of the light emerging from the inner piece 
of glass is less than when it entered the glass. 
In the arrangement shown, the spread of light 
in the air between the two pieces of glass is 12.3° 
above the Central light ray and 14 below the 
central light ray or a total of 26.3°. 
This process is now continued with the outer 

piece of glass or refracting medium. The angle 
at which the light strikes the surface 21a of this 
Outer piece is such that a considerable degree of 
refraction is obtained for the central light ray 
23. The limiting light rays are also refracted, 
25 being obviously refracted more than 23, since 
the angle of incidence is greater for light ray 25 
than for light ray 23. Similarly light ray 24 
is refracted less than light ray 23 because its 
angle of incidence is less than the angle of in 
cidence of light ray 23. Consequently within the 
medium 2, the spread of light is still further 
reduced and in the case illustrated, it becomes 
4.6 above light ray 23 and 6.9 below light ray 
23, or a total of 11.5. The Outer surface 2 b 
of this medium is placed normal to the emerg 
ing light ray 23. Consequently, there is no re 
fraction as this ray emerges from the medium. 
There is inevitably some spreading action for the 
two extreme rays 24 and 25 but this spreading 
action is much less than the condensing action 
at the inner Surface because the angles of in 
cidence are much lower. As a result, the spread 
of the emerging light is much less than the 
spread of the entering light. In the case shown, 
the actual spread of light ray 25 above light ray 
23 is 7 and the actual spread of light ray 24 
below light ray 23 is 10.5°. Therefore, this par 
ticular combination of refracting prisms has re 
duced the spread of light from the original source 
from 30 to 17.5°. This amounts to a reduc 
tion in the apparent size of the light source. To 
obtain the same angle of spread by former struc 
tures would mean a great increase in distance of 
refractor from Source or a great increase in size 
of refractor similar to that shown in Fig. 2. 

It is not necessary to have the central emerg 
ing light ray always leave the outer surface at 
the normal to that surface. Some useful redirec 
tion of light will often be desired at the outer 
surface of one or both pieces. This will lessen the 
condensing action but some condensation will be 
obtained, as long as the refraction at the inner 
surface of each piece is greater than at the outer 
surface. -- " - - 

Reduced spread of the emerging light has sev 
eral definite advantages. It increases the con 
centration of light and this increase in concentra 
tion is added to whatever concentration may be 
obtained by the lenticular effect of the prism de 
sign. It also makes possible what is known as a 
sharper cut-off. In many lighting problems, it is 
desirable to have the luminaire give this sharp 
cut-off in order to project as much light as pos 
sible in a given direction with as little light as 
possible in a direction a few degrees away from 
the first. For example, in street lighting, the 
spread of light up and down the street must be 
at high angles because of the considerable dis 
tance between luminaires; at the same time, if 
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2,115,178 
the beams of light are directed at too high an 
angle, they enter the eyes of the users of the 
street and cause annoying glare. It is desirable to 
direct the beams at a high angle and to have the 
cut-off sharp so that a few degrees above the 
beam angle the candlepower has dropped to a 
low figure which will not produce Such glare. 

Fig. 4 is an illustration of the application of 
this principle to design for a street lighting lumi 
naire. In this figure, 26 represents in croSS 
section a tubular light source of appreciable size. 
27 and 28 represent side plates each comprising 
two pieces of glass or other refracting medium 
provided with prisms as illustrated in Figure 3. 
The result is that a high degree of concentration 
is obtained at the particular angle desired. In 
this case, the angle of maximum candlepower is 
75° to nadir or 15° below the horizontal. From 
the discussion of Fig. 3, it will be obvious that the 
concentration of light obtained at 75. Will be con 
siderably greater with this system of refraction 
than with systems ordinarily used. It will fur 
ther be obvious that the candlepower will decrease 
very rapidly above 75 becoming negligible at the 
angles close to the horizontal which are likely to 
be directed toward the eyes of users of the Street. 

Fig. 5 shows a projector designed to obtain a 
single circular beam of light with reduced spread. 
In this case, an incandescent filament lamp 32 
is shown with light source: 33 in the form of a 
small straight filament. Even though the lamp 
manufacturer may make the filament as Small 
as possible, there is some size to it and this size 
tends to give a spread to the emerging bean. 
However, by means of the condensing action of 
the refractors described herein, this Spread can 
be greatly reduced. In the Structure shown in 
Fig. 5, three successive refractors are used, 34, 35, 
and 36. A light ray 37 near the extreme edge of 
the structure is refracted successively by the three 
refracting pieces to emerge in the beam direction. 
The refraction in each piece, however, is obtained 
at the surface at which the light enters. The sur 
face at which the light leaves the article is set to 
be normal to the direction of the emerging light 
ray. There is, therefore, no refraction of light 
ray 37 at the surface at which it emerges from 
each piece of glass. The extreme light rays 38 and 
39 from the edges of the filament striking the 
same point as light ray 37 on the inside of the 
inner piece are refracted as described under Fig. 

55 

3 and when emerging from the final piece of glass 
are spread from light ray 37 to a much lesser 
degree than when striking the inner surface of 
the inside piece 34. With light ray 40, the re 

- fraction is less than with light ray 37 because 40, 

60 

on emerging from the light Source, is nearer to 
the direction of the final beam of light. Hence, 
the condensing effect of this system of refraction 
is less with the light from the source striking the 
inner piece at the point at which light ray 40 
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strikes. However, this condensing effect is still 
sufficient to be valuable. Light ray 4 f, represent 
ing the light ray going through the center of the 
device, Suffers no condensing effect since there 
is no refraction. With this particular design of 
filament, however, in the form of a short line of 
light, no condensation is necessary at 4 because 
the cross-section of the filament perpendicular to 
this direction is substantially a point. In this 
particular type of design, it is very valuable to 
have a light source in the form of a short line 
coinciding with the axis of the System. With this 
type of light source, the condensing action is 
greatest where it is needed the most, represented 

V 3. 

in the figure by light ray 37. It is lesser in degree 
where it is needed less, represented by light ray 
40 and least of all where it is not needed, repre 
sented by light ray 4. The general scheme of a 
projector utilizing this system of refraction may, 
however, be applied to any light Source. 
This type of projector may advantageously be 

supplemented by a spherical reflector 42. This 
will return the light rays Striking it back through 
the source to be acted upon by the refracting 
pieces in the same Way as the light striking them 
directly. . . . . . . . . . . . . 

Since several refractions are frequently neces 
sary to get a desirable condensation of light, it is 
possible to turn light into the desired direction 
even though it emerges from the light source at 
a large angle away from this direction. In Figure 
5, a large angle of light is included by the re 
fracting System and when this is further supple 
mented by the Spherical reflector, an optical 
system of very high efficiency is obtained con 
sidered from the standpoint of the amount of the 
original light acted upon. 

t will be understood that the invention is not 
confined to the use of two or three successive 
refracting plates or articles. Any number may 
be used. Two or three will probably satisfy most 
requirements but certain problems requiring the 
most extreme concentration may require more 
than three Successive refracting articles. 

Fig. 6 illustrates a refracting arrangement 
similar to that shown in Fig. 3 but with the two 
refracting elements Spaced apart a distance 
greater than is necessary for mechanical clear 
ance. It is Sometimes desirable to use a con 
Struction of this character and it frequently car 
ries With it certain optical advantages. In this 
figure, 48 is a light source of considerable size. 
A light ray from the Center of the Source is shown 
at 49 striking the point 50 on the inner refracting 
element. A light ray 5 proceeding from the cen 
ter of the source, at a higher angle than 49 strikes 
the inner refracting element at a point above 50. 
Similarly a light ray 52 also proceeding from the 
center of the source in a direction lower than 
ray 49 strikes a point on the inner refracting 
element lower than point 50, - In a construction 
of this kind, it is common to have a large amount 
of the light which emerges from the structure 
concentrated at the same angle. In street light 
ing, for example, this angle usually is 15° below 
the horizontal. Therefore, light ray 5 must re 
ceive a greater degree of refraction than light 
ray 49. Similarly light ray 52 will receive a 
lesser degree of refraction than light ray 49. 
Consequently the prisms will grow progressively 
deeper from bottom to top of the structure. This 
prismatic change may be in both pieces or in 
only one piece, but in the present instance, it is 
desirable to make as much progressive change 
as can be conveniently made in the prisms of the 
outer prismatic piece. Therefore, light ray 49 
striking the outer piece at point 53 receives a cer 
tain degree of deviation at this point whereas light 
ray 5f striking the Outer piece at point 54 above 53 
must receive a greater deviation and light ray 
52 striking the outer piece at point 55 must re 
ceive a lesser degree of deviation. The prism at 
54, therefore, gives greater refraction than the 
prism at 53 and the prism at 53 gives greater 
refraction than the prism at 55. Considering 
now the light rays 56 and 57 proceeding from the 
outer limits of the light source and striking point 
50, it will be clear that light ray 56 striking 
the outer refracting piece at point 55 suffers less 
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4. 
refraction at this point than light ray 49 strik 
ing the Outer piece at point 53. This tends to 
reduce the spread between light rays 49 and 56. 
Similarly light ray 5. Striking the inner piece at 
point 59 strikes the outer piece at point 54 and 
Suffers a greater degree of refraction than light 
ray 49. Thus, the greater the Space between the 
two refracting elements, the greater will be the 
additional condensing effect obtained by the pro 
gressive change in prisms on the Outerpiece. 
. It is not necessary to have the inner and Outer 
pieces parallel. Sometimes, for mechanical Or 
optical reasons, the two pieces will slope or curve 
away from each other, coming close together at 
Certain points and being far apart at Others. 
In any part of the structure where the spacing 
between the two parts exceeds that necessary for 
mechanical clearance advantage may be taken of 
this additional condensation obtained by the 
progressive change in the prisms. Frequently it 
is possible to use this to obtain additional con 
densation of light where it is most needed and 
yet retain normal spacing between the two pieces 
Wherever that is mechanically advantageous. . 

In Fig. 5 it was noted that the direction of light 
ray 4 was not changed by the refracting system. 
No condensing effect was obtained by the refract 
ing system at this point. It is possible, however, 
to utilize this scheme of refraction and obtain a 
Condensing effect at an angle at which no re 
direction is to be obtained. This is illustrated in 
Fig. 7. A light source 44 emits light ray 45 which 
is to go through the refracting system without 
any net change of angle. However, the inner Sur 
face of the first refracting piece is set to give 
a considerable degree of refraction to light ray 
45. The outer surface of this inner piece is set 
to give little or no refraction to light ray 45. 
Then the inner surface of the second piece is set 
to refract light ray 45 back to its original direc 
tion and the outer surface of the outer piece is 
Set to allow this light ray to emerge without re 
fraction. Therefore, the light ray from the center 
of the light source is refracted by the inner piece 
away from desired direction and is refracted by 
the outer piece back to the desired direction. 
Light rays 46 and 4 represent the light rays 
striking the inner piece at the same point as 45, 
but coming from the extreme limits of the light 
Source. These undergo the same refracting ef 
fect as illustrated in Fig. 3 and emerge from the 
inner refracting piece at a lesser angle of spread 
from the central ray than when they enter. In 
paSSing through the outer medium, the same con 
densing effect occurs even though the direction 
of refraction is opposite from that obtained with 
the inner piece. Consequently the light rays 46 
and 47 emerge from the refracting system at 
angles from the central ray 45 which are less than 
the corresponding angles from 45 on the entering 
side, yet light ray 45 has suffered no net change 
in direction. 
Thus, this system of refraction for obtaining 

a condensing effect may be utilized by means of 
refraction in the same direction from two suc 
cessive pieces of glass or refraction in opposite 
directions from the two. Successive pieces. In 
either case, the desired effect is obtained, 

It will be understood that this System of re 
fraction may be utilized in luminaires of varied 
character. Whenever concentration of light is 
desired, this system is a possible means of ob 
taining a better effect than would otherwise be 
obtained. The system is not limited to any par 
ticular type of light source or to any particular 

2,115,178 
field of lighting or to any character of lumi 
naire. 
It is obvious that the invention may be em 

bodied in many forms and constructions within 
the Scope of the claims, and I wish it to be un 
derstood that the particular forms shown are 
but a few of the many forms. "Warious modifical 
tions and changes being possible, I do not other 
Wise limit myself in any way with respect there 
to. ... ----- 

What is clained is: 
1. A device for concentrating light rays from a 

source of substantial size, comprising a succes 
sion of refracting elements traversed by said rays, 
a point in the inner surface of the first element 
receiving a bean of convergent incident light at 
oblique angles and transmitting the light through 
Said first element at a reduced angle of diver 
gence, the Outer Surface of said first element be 
ing substantially normal to the axis of the light 
bean in the refracting medium so as to transmit 
the light to the air with substantially less di 
vergence than the convergence of the original 
light rays, the inner surface of the second ele 
ment receiving Said divergent light and refrac 
tively transmitting it at further reduction in 
angle of divergence to the outer surface thereof, 
said second outer Surface being substantially nor 
nal to the axis of the light beam in the second 
refracting medium and transmitting the light to 
the air with still less divergence than it had be. 
tween the refracting elements, whereby the angle 
Of Spread of the beam is reduced. 

2. In a light controlling device, a refractor, a 
light source having a substantial dimension in a 
plane normal to the plane of the adjacent sur 
face of the refractor, the refractor surface being 
oblique to incident rays from the light source 
whereby rays originating at the extremities of the 
light Source in Said plane and converging on a 
point on said surface are refractively transmit 
ted at less angle of divergence than the original 
angle of convergence, the opposite Surface of the 
refractor being substantially normal to the light 
ray in the glass originating midway between the 
extremities, and a second refractor whose ad 
jacent surface has prisms onto which light rays 
from the first refractor fall, and whose outer sur 
face is substantially normal to emergent light. 

3. A luminaire comprising a long light source 
of substantial transverse dimension, a double 
walled refracting plate having prisms parallel 
with the axis of the light source, the prisms hav 
ing an external angle of incidence greater than 
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the internal angle of incidence to collect the light 
emitted through a wide transverse angle and 
concentrate it into a beam having less angle of 
divergence intransverse planes than the angle of 
convergence of rays in transverse planes onto 
corresponding points on the plate. 

4. A luminaire comprising a long light source 
of substantial transverse dimension, a double 
walled refracting plate parallel with the axis of 
the light source and having Smooth exposed Sur 
faces and adjacent prismatic Surfaces, the prisms 
having an external angle of incidence greater 
than the internal angle of incidence to collect 
the light emitted through a wide transverse angle 
and concentrate it into a bean normal to the 
outer surface of the plate and having less angle 
of divergence in transverse planes than the angle 
of convergence of rays in transverse planes onto 
corresponding points on the plate. 

5. A luminaire comprising a horizontal light 
source of substantial vertical dimension, a slop ing double walled refracting plate parallel with 
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the axis of the light source and having Smooth 
exposed surfaces and adjacent prismatic surfaces, 
the prisms having an external angle of incidence 
greater than the internal angle of incidence to 
collect the light emitted through a wide vertical 
angle and concentrate it into a downwardly 
slanting bean having less angle of divergence 
in transverse planes than the angle of conver 
gence of rays from the top and bottom of the 
light source onto corresponding points on the 
plate. 

6. A luminaire comprising a succession of 
prismatic refractors each having annular prisms 
cpposite a substantially smooth Surface, an axial 
ly disposed light source of Substantial axial di 
mension, said surfaces and prisins being SO ad 
justed that the external angle of incidence is 
greater than the internal angle of incidence and 
so that refraction occurs on the inner face of 
each refractor to bend the ray toward the axis 
of the systein, the outer face of the refractor be 
ing substantially normal to the light rays ener 
gent therefrom. 

7. In an optical System, a light Source of Sub 
Stantial dimension and a light concentrating de 
vice onto the incident Surface of which fall con 
verging rays from the source, the light concen 
trating device having a succession of refracting 
elements traversed by said rays and in each of 
which the external angle of incidence is greater 
than the internal ange of incidence, Whereby 
the refraction obtained at the first surface of each 
refracting element is greater than that obtained 
at the second surface. 

8. An optical Systern Such as claimed in claim 

7, wherein the refracting elements are so disposed 
that the refractions of a Single ray are all in the 
Sane plane. 

9. An optical system such as claimed in claim 
7, wherein the refracting elements are so disposed 
that the refractions produced are all in the same 
direction so that the direction of the emergent 
light differs from that of the incident light. 

10. An optical system such as claimed in claim 
7, wherein the refracting elements are so disposed 
that the refraction produced by one element is 
opposite to that produced by the next successive 
element. 

ll. An optical System. Such as claimed in claim 
7, wherein the second surface of at least one of 
the refracting elements is substantially normal 
to the light rays emerging therefron. 

12. An optical System such as claimed in claim 
7, wherein the second surface of each of the re 
fracting elements is substantially normal to the 
light rays emerging therefrom, 

13. An optical System. Such as claimed in claim 
7, wherein the inner surface of the first refract 
ing element and the Outer surface of the Outer 
refracting element are smooth and the opposed 
Surface of each of said elements is prismatic. 

i4. An optical System. Such as claired in claim 
7, wherein the direction of the emergent light is 
Substantially the same as the incident light. 

i5. An optical System such as claimed in claim 
7, wherein the refracting elements are spaced 
apart a distance greater than necessary for me 
chanical clearance. 

THOMAS W. ROLPH. 
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