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SPECIFICATION forming part of Letters Patent No, 247,589, dated September 27, 1881,
Application filed April 4, 1881, (No model.)

To all whom it may concern :

Be it known that I, WiLLIAM WHEELER,
of Concord, of the county of Middlesex and
State of Massachusetts, have invented certain
new and useful Improvements in Reflectors;
and I dohereby declare thefollowing tobe a full
and exact description of the invention, such
as will enable others skilled in the art to which
it pertains to make and use it, reference being
had totheaccompanying drawings, which form
part of this specification.

Thisinventionisparticnlarly designed topro-
videimproved forms of reflectorsof simplecon-
straction, to be used in combination with any
snitable light-source, but especially the elec-
tric are, for the purpose of effecting a uniform
and economical lighting of a street or place;
and, in“general, to so direct and disperse the
light emanating from any suitable source that
its full iluminating power may be utilized in,
or about in, the'direction and within the pre-
seribed limits of the space to be lighted.

It is evident that when a reflector is not

used the light from a commmon street-lamp, radi-

ating,asitdoes, equallyinall directions, passes,
in large proportion, upward into space, while
anotheralmostequallylarge partisintercepted

Dby the top and bottom of the inclosing lantern,

without producing any valuable result. Of the
available remainder the greater part is spent
in illuminating to a disproportionate excess
the bed and sides of the street in the immedi-
ate vicinity of the lamp, legving to be applied
to the general thoroughfare, up and down the
street, in the two directions in which thelight
is almost exclusively required, only a small
fraction of the total lighting power expended.

In the case of the electric light now coming
into use for such purposes, and which, from

its excessive brilliancy and the greater space .

lighted thereby, is usually placed at a much
greater elevation, only an extremely small
percentage of its light is ntilized for achieving
the purpose intended. Not less than fifty per

cent. of the light emitted is often totally lost,
sinceallraysradiatingupwardintospaceabove
the horizontal plane of the arc, rather thanin
the direction in which they are required, must
for that requirement be assumed to have no
existence, while of the other fifty per cent. at
least one-half is consumed inilluminating to a

pating fromany lightat its focus.

disproportionate excess the sides of the street
in the immediate vicinity of the lamp within a
distance up and down tbe street oftentimes
not exceeding its width, thus leaving for the
general lighting of the thoroughfare in both
directions beyond the above limits less than
one-fourth of the totallighting powerexpended.

The simple parabolic reflector concentrates
into a beam of great intensity the rays ema-
Butthe con-
ceutration is too complete. There is too little
dispersion allowed. “The path of illamination
ismade toonarrow for street-lighting. Thein-
tercrossing of rays in different directions is in-
sufficient, and there is not a sufficient adapt-
ability of the form of the beams or pencil and
their relativeintensities to the form and extent
of the spaces to be illuminated thereby. TFor
these and other reasons the simple parabolic
and other similar and substitute concentrators
of light are poorly adapted for the general pur-
poses of street-lighting.

The same objections apply to the combina-
tion of two simple reflectors having the rear
part of each removed, the said reflectors being
placed back to back, so as to have a common
focus. The combination of a simple focal re-
flector, placed above or below the light-source,
with secondary reflectors used to again reflect
the light in the desired direction horizontally,
involves a complication and multiplicity of

‘parts and a waste of light, due to two reflec-

tions, and is capable of obviating onlyin a lim-
ited degree the objections noted in the preced-
ing paragraph.

My invention consists, primarily, in a re-
flector having a continuous reflecting - surface
generated by the entire or partial revolution of
a conic-section curve about an ordinate of said
curve, or about such and also about the axis
of the curve, or,in other words, by the revolu-
tion of a single curve about an ordinate of it
and suceessively about twodifferentaxes which
pass through the focus of said curve, such fo-
cus thereby becoming the common focus of the
several parts of the reflecting-surface so gen-
erated.

My invention consists, secondarily, inr a re-
flector having its upper and lower and two op-
posite reflecting - surfaces such as would be
generated either as above deseribed or by the
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revolution of two different and unlike conie:
sectional curves orcombinations of such curves
about a common axis,all as is herveinafterfully
described.

Figures1 to 4,inclusive, are isometric projee-
tions of different forms and modifications of my
invention, showing geometrically the manner
in which the reflecting - surfaces thereof: are
generated and proportioned. - Figs. 5to 13, in-
clusive; represent different sections and eleva-
tions of the same, showing also the mannerin
which lightis reflected thereby.

In Tig. 1 the dotted line @ b. represents a
parabolic curve, of which the dotted line ¢ dis
a part: of the axis and: the dotted line.a d an
ordinate thereto, passing through the focusor
one-half the latus reetum of :said curve. : By
the revolution of the said eurveia b about the
axis ¢ & through the semicircular are b e f,
the paraboloidal surface a be f ¢, subtending an
angle of one hundred and eighty degrees at
the axis of revolution, is generated, and the
said generating-curve @ b then coincides with
the curve g f. Next, designating the generat:
ing-curve in its new position: by the letters ¢,
by the revolution of said curve g j about the
ordinate ¢ d or latus rectum: g @ asan axis
through a sewmicireular arc: parallel with the
arc ¢ k4, the superficial sector ¢ /4 % of an in-
verted parabolic spindle subtending an angle
of one hundred aud eighty degrees at the axis
of revolution is generated, and the generating-
curve is then in the position represented by
and coincides with the equal curve g k, and its
corresponding. axis e .d is in the position vep-
resented by and eoincides with the: line d 4.
Next, by tlhie revolution of the said curve g &k
about the axis d ¢ through the semicircular
arc I I m, the paraboloidal surface g 11 m a, sub-
tending an angle of one hundred and eighty
degrees at the axis of revolution, is generated,
and the generating-curve is then in the posi-
tion represented by, and coincides with, the
equal curvea m. Iinally, by the revolution of
said curve «¢ m about the ordinate a d or the
latus rectum « ¢ as an axis through a semi-
circular are parallel with the arc ¢ & ¢, the su-
perficial sector am n b of an inverted parabolic
spindle subtending an angle of one hundred
and eighty degrees at the axis of revolution is
generated, and the gencrating-curve is then
returned to its original position. (Represented
in the dotted curved line « b.)

The surfaces successively generated asabove
described are continuous throughout, and con-
stitute one of the forms of the reflecting-sur-
faces of a reflector covered by my invention,
the common focus of the several parts of said
surface becoming the light-focus of the reflect-
orsoformed,all as represented by thetull lines
in Ifig. 1.

Itistobeunderstood thattheangularamount
of rotation of the generating-curve about the
several axes of revolution may vary, and that
some other curve or combination of curves de-
rivable from a conic section may he used as the
said generating-curve.

247,589

In Fig.2 the line « b« represents an-ellip-
tie curve, of which theline d & denotes that
part of the major axisincluded between the foci
of said curve at d and d’, the line b f the minor
axis, and the lines ¢ g and a’ ¢’ the double ordi-
nates through the foci. DBy the revolution of
the said eurve e D ¢/ successivelyabount the axis
d ¢ or d:d’ and the double ovdinate ¢ ¢ :in the
same order of sequence and through the same
arcsas bas beenfully described in the case rep-
resented by Iig. 1, and omitting from the sur-
facethus generated the parts generated by the
revolution of the lines f ¢/ and m «// about the
donble ordinate a g, we obtain another forni of
reflector: continuous ‘throughout, covered by
this invention, in which thie parts A’ and C' ex-
tend in wing-like projectionsto a greater dis-
tance from the focus than do the parts Biand
D, all being as reépresented by the full lines in
said Fig. 2.

It'is to be understood that the outer limits,
b and o', of the generating-curves « b.and a b
&’ may:be varied in their distanee tfrom the fo-
cus d both relatively to each other and to the
axisd fyascircumstances mayrenderdesirable.

The reflectors shown in Tigs. T and 2 may
beplaced inany desivedand suitable position—
that is to say, so ‘that either the latus rectum
@ g or the axis d L shall be vertical.. In the
former case, for which the form represented: in
Fig.1is well adapted, the light is sapposed to
be placed:at'the side of the street or thorough-
fure to belighted thereby in the usual:manner
of street-lamps, with the axisei parallel thereto
and the mouth or aperture of the reflector fac-
ing'aecross and longitudinally up and down'said
street or thoroughfare. In this position the
parts Aand Cinterceptand reflectup and down
the street that large part of the whole light
that would otherwise be spentinlighting to dis-
proportionate excess a short length of houses
or land immediately behind said light, while
the parts B and D render useful the light that
would otherwise be spent in an excessive illu-
minationof the ground immeédiately below and
in front of the light and in useless radiation
upward into space, respectively.

Fig. b represents a horizontal section of the
reflector shown in Fig. 1; IFig. 6, a front ele-
vation, and Iig. 7 a side elevation, of the samne,
the broken linesin said figures representing the
course of the rays as radiated from the light-
source and reflected from the above-deseribed
surfaces in accordance with the well-known
property of surfaces generated by the revolu-
tion of conic-sectional curves.

When the axis d & is made vertical, for which
position the form of reflector represented in
Fig. 2 is especially adapted, the light is sup-
posed to be placed high above the middle of
thestreet or thoronghfare to belighted thereby,
with the axis ¢ ¢ paraliel thereto and the mouth
orapertureofthereflector facing directly down-
ward and up and down said street or thorough-
fare. Inthis position the additional wings A’
and €/ intercept and reflect downward at qif-
ferent angles into the street those rays that
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would othérwise pass out and upward through
largesemicircularaperturesatthe sides or ends
of the reflector, to be lost in space, while the
said parts B and D now prevent the light from
passing out laterally over and against' the
houses and lands immediately adjoining and
throw it down into the street, where it is re-
quired.

Fig. 8represents a vertical section of the re-
flector shown in Fig. 2 in the position just de-

scribed; Fig. 9, an elevation or plan as seen

from below, and Fig. 10 an end elevation of the
same, the broken and dotted lines in said fig-
ures representing the course of the rays as ra-
diated from the light-source and reflected from
the above-described surfaces in accordance
with the well-known property of conic-sectional
curves.

Fig. 3 representsin a double form a reflector
having the upper parts, A A’ and C C/, the
same as the corresponding partsshown and de-
scribed in and in reference to Fig. 2, and -the
oppositeorlower parts, E and F, hyperboloidal
reflectors of one hundred and eighty degrees,
having with said upper parts their common
focus in d and their common axis in ¢ 4. The
said parts Eand If intercept that light radiat-
ing downward at more than a certain angle
measured from the axis ¢ ¢, and eause it to pass
out at lesser angles with said axis in lines ra-
diating from the secondary foeid’ and d/,where-
by said light is made effective at a greater dis-
tance from the source, but always below the
horizontal plaune of said source. By means of
this combination of the upper ellipsoidal re-
flector and the shorter hyperboloidal reflector

below two valuable results are secured: First,”

the rays that would otherwise be expended in
lighting to a disproportionate excess the imme-
diate vicinity below and beside the lamp are
distributed as desired and made available at a
greater distance; and, second, the rays that
would otherwise be lost in space above are re-
flected downward at different angles through
the secondary foci d’ and d’/, and that partin-
tercepted by the projecting wings A’ and C’
utilized in imparting a moderate and normal
degree of illumination to that space immedi-
ately below and beside the lamp from which
the direct rays are cut off, as described, by the
reflectors I& and T,

Tig. 11 is a plan view of the reflector shown
in Fig. 3, as seen from below, and Fig. 12 rep-
resents a vertical section of the same, the
broken and dotted linesin said figures exhibit-
ing the courseof thelight-source, and reflected
from the surfaces of the said combination of
reflectors.

It is to be understood that between the two
quadrantal parts of both the ellipsoidal re-
flecting-surface ¢ ¢’ and the hyperboloidal sur-
face i—generated by the revolution of their
respective carves about their common axis 4
d''—may be inserted sectors of surfaces gen-
erated by the revolution of said curves through
any suitable angle about their common verti-
cal ordinates p ¢, produced through the focus

d, whereby the width of the aperture of said
reflectors may be increased, substantially as
deseribed in reference to and shown in Fig. 1.
Thus the form and character of the pencil of
rays emanating from a reflector formed by the
revolution of variously combined curves about
variously combined axes of revolution,as here-
in described, may be adapted to the form and
extent of the place to be illaminated.

Fig. 4 represents a reflector in two parts, the
upper one of which has a reflecting-surface,
such as would be generated by the revolution
of the elliptic curve @ b ¢/ about the ordinate
o d, while the lower one has such a reflecting-
surface as would be generated by therevolution
of the hyperbolic curve o f about the ordinate
o d, the said curves having the focus d and the
axis d d’ in commoun. At the said focus d the
light-source is maintained. By means of this

70
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special combination equal illumination is ef-:

fected in directions laterally. All or any de-
sired part of the light radiated upward is re-
flected downward in directions in which it will
be most effective, that part intercepted by the
outer part of the upper reflector, when sufii-
ciently extended, being so reflected as to im-
part & normal degree of illumination to the
space immediately below the lamp, from which
the direct rays are cut off by the lower re-
flector in a manner similar to that already de-
scribed with reference to Fig. 3.

Fig. 13 represents a vertical section of the
reflector shown in Fig. 4, with a side elevation
of the electric lamp shown in combination
therewith, the broken lines showing theé course
of the light-rays as radiated from their source
and reflected from the surfaces generated as
above explained.

Among the superior advantages of the ellip-
soidal reflectors described above is the notice-
able fact that every part of the space illuni-
nated receives its portion of light from and
through at least two different foci of such re-
flector, while with the combination of the ellip-
soidal with the hyperboloidal forms nearly
everyillumined partof the field is lighted from
and through thiee different foci of the reflect-
or, whereby is effected theresnlt due to a group
or chandelier of lights at and around each
lamp. The intercrossing of rays as from a
maltiplied number of sources thus effected is
productive of the brilliant, uniform, diffusive,
and tempered light most to be desired in arti-
ficial illomination.

A simple method of ‘manufacturing reflect-
ors having surfaces such as would be gener-
ated by the revolution of a curve upon two or
more different axes successively, as in the
cases represented by Figs. 1 and 2, or by the
revolution of two different curves about the
same axis, as in case shown in Figs. 3 and 4,
is described as follows:

The form shown in Fig. 1 consists of four
parts,comprisiug two pairs of the correspond-
ing parts A C and B D, respectively. To form
the like parts A and C a sheet of suitable ma-
terial is shaped by spinning, stamping, ham-
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mering, molding, orotherwise into a paraboloid
similar to an ordinary parabolic reflector and
its ends cut in vertical planes intersecting the
axis of the focus and aperture. It is next to
be cut into two halves by a plane passing
through the axis, whereby we obtain the two
like parts A and C. The parts B and D are
similarly made from one piece of suitable ma-
terial, formed intoasuitable shape, with a cross-
section corresponding to two curves, b a and
m a; in the positions shown. It is next cut
into two halves in a plane passing through the
latus rectum of the generating.curve, whereby
we have formed the two like parts B and D.
Said parts A, C,B, and D are next to be joined
together in the positions shown, whereby a
continuous surface throughout will be formed.
They may be of metal polished on the inside;
or the metal form may constitute a case to be
lined with small plain pieces of silvered glass
suitably arranged in regular series ; or the re-
flector may be of glass silvered on the back
side and the silver coating duly protected by
varnish and a thin metal covering. The re-
flector shown in TFFig. 2 may be formed in like
manner as has been described above, the addi-
tional parts A’ and C’/ heing duaplications of
the parts A and C and joined thereto in the
positions shown. The various parts of the
combination represented in Fig. 3 may be simi-
larly formed and joined. It is evident, how-
ever, that the junction of tlie upper and lower
parts (said parts being constructed upon en-
tirely different curves) does not give a con-
tinuous surface between the two; hence they
are joined by suitable connections at the points
of contact b, f, k, and m and by other proper
devices.

In the combination shown in Fig. 4 the up-
perand lower partsof thisreflector, being sepa-
rated from each other, are to be joined by the
rods a’ f, &c., as shown, or by any other suit-
able devices.

Again, the simple form of reflector repre-
sented in Fig. 1 may be formed of sheet metal
entire by spinning, using suitable cores and
models for the guidance of the metal plate

and forming-tool, as in the turning-lathe for
irregular forms.

Any of the reflectors above described may so
be used in combination with suitable Jantern.
bodies or otherwise.

Having thus described my invention, what
I claim as new, and desire to secure by Letters
Patent, is— 55

1. A reflector having a continuouns reflect-
ing-surface such as would be generated by the
partial revolution of a conic-sectional curve on
its latus reetum and by the partial revolution
of such curve on its prolate axis at one or each 6o
terminus of the partial revolution on the latus
rectum, the axes of revolation infersecting
each other in the focus of the curve, and all
being substantially as set forth.

2, A reflector having a continuous reflect- 65
ing-surface such as would be generated by the
revolution of a conic-sectional curve about its
axis and latus rectum successively, the length
of said curve being varied during different parts
of its revolution, substantially as set forth. 7o

3. A reflector consisting of two opposite
parts, of which the reflecting-surfaces are such
aswould be generated,respectively, by therevo-
lution of two different conic sections having a
common focus about their common axis, sub- 75
stantially as set forth.

4. A reflector of two parts having reflecting-
surfaces of such forms as would be generated,
respectively, by the revolution of two different
counic sections each about two or more axes of 8o
revolution successively, said axes being com-
mon to both curves and intersecting each other
in the common focus thereof, substantially as
set forth.

5. Areflector of two parts having reflecting- 85
surfaces of such forms as would be generated,
respectively, by the revolution of two different
conic sections having a common focus about
their common latusrectum, substantially as set,
forth.

WM. WHEELER.

Witnesses:

R. H. Eppy,
E. B. Prarr.
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