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'lanterns.
‘have in mind is to produce a light for the
projection of motion pictures which shall -
be at once brilliant, steady, and economical
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To all whom it may conrern. |
Be it known that I, Lowewn W. Nicows,

residing at Sewickley, in the counti of Alle-

gheny and State of Pennsylvania, a citizen

‘of the United States, have invented or dis-
covered certain new and useful Improve-

ments in Lanterns, of which improv emnents

the followmg is a spetification. _
My invention relates to improvements in
The 1mmediate object which I

to employ; but it will be understood, on

reading the em:.mng specification, that my
AMProv -ed lantern is w 1dely applicable, where
bright and concentrated hight 1s desired: in

spot-lights for theatelb., for example, m

lighthouses, and in many other specific uses.

Electric light is of all kinds of illumina-
tion the sunple-~t and most satisfactory for

the user to handle; and of electric Iamps the

two forms av: ailable . for concentration are

the arc lamp ‘and the incandescent lamp.
Until quite recently, the incandescent lamp

has been so far inferior to the arc in inten-
sity that it has scarcely been considered for
such service as motion-picture projectors
and spot-lights in theaters. Of late years,
hﬁwevel with the invention of filaments of
new mater ials and the discovery of the good
effects of mamtaining the filament in an at-

mosphere of inert gas such as nitrogen,

rather than in vacuwn, the candle-power

practically attainable in mcmdescent lamps

has been vastly increased. The arc lamp

has still one notable superiority over the in-
_cande%cent when it comes to projecting
beams of intense light: the light emanates

from a source of small dimensions—practi-

cally from a:;point—and may acecordingly be

focused amd directed without serious difh-
culty; but the hight-giving source in an in-

cwndescenti lamp is very.appreciably ex-

tended, 1t 1s of practically considerable di-
mensions, and ihe higher the power of the
lamp the larger the source of light. When,

therefore, one comes to deal w:t‘rh high- power'

mcandgseent lamps, the factor of the actual
size of the light-emitting body becomes a

- matter of d1ﬁiwlty* the hfrht cannot be fo-

. easily.
09 .

“cused and projected in sha,rply defined and

properly confined pencils—at least, not

On the other hand, there
ous objections and difficulties attending the

.
."""""-—.r

are seri-

use of the are lamp for purposes such as I
have mdieated. The nature of some of these
objections-and difliculties may be indicated :
In a spot-light, for instance. it is desirable

that f;ant.-mtmlhf all the lhght emanated

from the source be gathered and pm;e(,ted
in a narrow pencil. To accomplish this a
mirror must be provided, and this mirror
must be placed near the source of light. But
the arc gives off vapors, and these, con-

densing and solidifying on the mirror sur<
face, cormde and dlm it and (ummsh 1t5-
| eﬁ'ectn eness.

The consequence - is that
mirror with an’arc light (if provided at all )
1s of relatively little value, and, economi-

cally cons:ldered the lamp is very wasteful
of Light.

Again, the are light requires rela-
twel)
account too, unewnoxmeal

and at best it is noisy; the llght ﬁlckers*

and there is need for an attendant con-

stantly. Ior another thing, the fire risk at-
tendant on the use of dn open arc is high.
By my invention I make the incandescent

lamp available, avoiding the difficulties just

mentioned, inéident to “the use of the are
lamp. In my use of the incandescent lamp,
instead of building it of large size {(with the
attendant dlfﬁﬂlﬂt‘{ already not{,d)
ply the number of small-sized lft,mpb, until

oreat current Strenﬁ'th and 1s, on this
For motion-ple- .
ture work the arc may not be produced by
- an alternating, but only by a direct, current

I multi-
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I gain the candle-power desired, and I pro-

vide means for bringing together into one

common pencil the light emanating from all

S0

of them. = Since the actual dimensions of. the
light-source of each small-sized Tamp are |

small, and within limits practically permis--
sible, I may focus and diregt the pencils as

T wiil, and unite them in a single shaft of

light, which also is whol]y "W’ithlﬂ control

for practical purposes. - .
In the accompanying (:hn;a;i;vmgsj Figure 1 -
shows 1 longitudinal section the essential

-parts of the lantern of my invention; Fig. 2

is an end elevation of the org&mmmon
shown in Fig. 1; Fig.

of Figs. 1 and 2; Fig. 4 is a view in longi-
tudinal section of the essential parts of an-
other lantern, embodying the fundamental
invention which is pr esent also in the lantern
of Tig. 1, and embedying also refinements
upon that fandamenta} im*entian Figs. b
and 6 are vlews 1 lono‘lbudmal section and.

3 shows 1n side eleva-
“tion and in plan tlm light-deflecting member
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m end clevation of the essential parts of still
another lantern embodying my in venition;

T

and Iig. 7

longitudinal section the essential parts of a

lantern 1 which the light-deflecting mem-
ber 1s modified in form; Fig. 9 is a like view

of another lantern in which the peculiar

ends attained in the lantern of g, 8 (as

compared with those of Figs. 1, 4, and 7)

arve attained in another way. Figs, 10—12
show dingrammatieally the theory of my in-
vention, as 1t is embmhed in the lanterns of -

Figs. 1. 4, and 7. _

~ The essential element of the lantern of Ny
Invention is 1 member eapable of changing
the direetion of 3 penctl of hight without

changing the degree of concentration of the

light of which the pencil is composed. This
essential element is constructed to so deal
with a plurality of beams of light, divected
upon it from different sources, and to turn

Anto a common path or toward a common
foctis, or in a common direction. the hight

received in such a plurality of beams. My
lantern includes, associated with such an

essentlal  element, a plurality of Lioht

sources.  This essential element of my M-

Svention may be a vefractor, or it niay be a

40
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55
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reflector. .

Referring first to Itigs, 1, 2, and 3, the

refractor 1 is formed of olass or of other

light-refracting material; 1t is, ay will pres-

ently appear, essenfially a prism member:

and 1t 1s 1n this instance in shape a hexagg-

nal pyramid. About it is arranged a plu-

rality of light sources. In thie instance
these light sources are shown to consist of

meandescent Tam ps (nitrogen famips, for ex-
ample) provided with parabolie reflectors,

so that each Tight source projects a pencil

of hght made up of substantially parallel

rys.  These light sources correspond in

number to the faces of the pyramidal re.
Tractor; and, it being in this case a hexag-
onal pyramid, there ave six light sources. as

indicated in Fig. 2. The lioht sources nre
grouped symmetrically around the refrac-

tor, in a plane perpendicular fo the Pro-

longed axis of the pyramid. cach clireetly
“opposite one of the six sides of the pyramid
(ef. IFig. 2), and they project their pencils.
of light angulurly npon the base of the-

pyramid (¢f. Fig. 1). The pyramid is in-

deed a compound prism. including as many

prism elements as there are sides to the

pyramid. The glass body bounded by and.

between the base of the pyramid and each

one of its sides becomes a simple prism for.
the light which comes from that particular
l1ght source, which is arranged opposite the
side under consideration: fhe basal angle

of the pyramid is the vefracting angle of the

prism.. The hexagonal prism might indeed
be cut mnto six parts, and might consist 1it-

e, . el

r. 7 1s a view in longitudinal section
of still another lantern. Fig. 8 shows in -

~the hase of the refractor.

1s shown in Fig. 1, the ligh
the refractor 1 in compotind penctl of par-
allel raye. T it be desived. to change the

erally (as in effecii) of six prisms. But, by

~combining the SIX prisms in. one pyramid,

there is manifest gain, for the glass in the
central portion of the pyramid’is in its ef-

fect part, not of one only, but of all 8iX 70
-prisms. The arrangement is such that the.

converging paths upon the base of: the py-
ramidal refractor 1, passing through the re-
fractor, 1s turned in cdivection, and emerges 75

light projected from the severgl sources 2 in’

~as a compound pencil. In stich compound

pencil, as will readily be understood, the
(:Gmp(}ll'ents may OVGJ_‘]_E:IP o1 bhe Separate';. :

preferably, they will come 1nto immecdiate
~contact but will not greatly overlap; they 8o
~may be directed to a common focus, or in a
~common direction. As indicated in Fig. 1
“they are turned into parallel contiguous-

paths. L
The variables in this problem of direct. 5

g the rays are, first, the quality of the

second, the refracting angle—that is the

“basal angle of the pyramid; and, third, the

angle of incidence of the Iight upon the 90

base of the pyramid. These factors may be
~ varied to effect the desired end. O

It will be seen that a lantern constructed

‘after the manner now described delivers in
- a single pencil the light emanating from six 93

sources. The actual dimensions of the sev-

eral light-giving elements may be small,

]

‘within permissible practical hmits, whereas

a-smgle Jamp of sufficient. size to give the
total allumination which my lantern affords 100

- would of necessity have a light-giving ele-
‘ment of dimensions too great to be practi-

cal for my intended purposes. The total

volume of Iight which my lantern projects

15 of conrse not six times the volume emanat- 105
e from each source: some light 1s neces-

sarily lost; but the total so obtainable .is

greater than can be obtained from any sin- -
cle source of this nature, in condition to be

&9

directed and employed for such ends as I 110

“have indicated.

In consequence of the: arrangement of the
several light sources in o group around the -

retractor, space is afforded for a number of

definttely. T have said they are arranged in = .
4 common plane; and so they are,’as they .., -,
are shown in Figs. 1 and 2. But their ar- 5
rangement in a common plane is a correly-

lamps; their number may be increased in-. 115 . -

“tive of therr bemg placed at: equal distances 120 .
- from the refractor.

fractor. The essential condition
15-thot they shall be- grouped aronnd the re-

~ractor, directing: their pencils from the

proper angle upon

= b

125

I have said above that, in the lantern as il

-

t euterges Tro 1}

condifion in this regard of the cmitted I eht, 13w
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a lens may be interpesed- in its path; To
such end I show in Fig. 1 as part of the lan-

tern a condensing lens 3. The effect of such
a lens will be to direct the light to a focus.
Figs. 8 and 9 show alternative means of at-

taining this'same end; in Fig. 8 the base of

the refractor 1* is made lenticular, and the
light is- brought, in the manner diagram-
matically indicated, to a focus f; in Fig. 9

the refractor 1 is unchanged, but the light

source 2* includes a mirror which is ellip-

soidal rather than parabolic; 1t emits a con-

vergent pencil, and this is brought by the
refractor 1 to a focus at f.

Chromatic aberration is a matter which
must be taken into account. By selecting
glass of proper quality this aberration may
be so far diminished in amount as to be
negligible; or, if conditions of service make
such a course desirable, the refractor may be
built up in well known manner of pieces of
olass of different refractive power, and so
rendered achromatic. L

As shown in. Fig. 4, the number of re-
fracting elements may be multiplied. The
refracting elements are placed In axial aline-

ment. The second refractor, 1°, of Fig. 4 Is,
it will be seen, effective at -its periphery to

refract the light cast upon it from the light

sources grouped immediately about it, while -
passes
oh the

plane central portion of reiractor 1e, - Re-

the light emitted through reiractor 1
freely and without refraction throu

fractor 1° is pyramidal, but is in shape the
frustum of o pyramid. Indeed the centra

portion of this refractor 1° might be cut

away—and with advantage, for of necessity
it will absorb some of the light passing

40

45

through. But the cost of manufacture will
be less if it be made as shown. However, the
prism portion might be built up in the form
of a ring or a polygonal continuous band,
leaving the central space
sage of light. Such a multiplication of re-
fractors manifestly provides for indefinite
increase in the number of light sources.

As shown in Figs. 5 and 6 the prism ele-

" ments 1! are arranged with their refracting

00

99

60
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‘multiple-unit idea of Iig.

angles directed inwardly toward the axis of
the lantern as a whole, instead of in opposite
arrangement; and two things, 1t will be ob-
served, are consequent upon this: first, the
prism elements become. conveniently sep-
arate parts, and second, the paths of the pen-
cils of light do not cross. |
Fig. 7 shows a earrying forward of the
4, so that an in-
definite: number of units may

kept within, reasonable and practicable di-
mensions.
what is shown in Fig. 4, means for concen-
trating the compound pencil, as it passes
from each unit in turn, and for causing the

concentrated pencil to travel in parallel rays

projects will be understood to

ing from

free for the pas-

pencil; and su

be combined
:n tandemn arrangement, while the whole 1s.

Here is involved, in addition to

@ .

through the central part of the nexy suc- .

ceeding unit. The first unit 1 (beginning at

the left) is the unit of Fig. 1, and requires

no further description. The light which 1t
be a pencil of
parallel rays. The succeeding refracting
elements may be such elements as 1° ot Ig.
4: so that, bevond the element 1° the twice

compounded beam of light advances in par-

allel rays. But the beam is larger, of greater

‘cross-sectional area, than the beam advanc-
the first unit. In the path of this

beam, beyond the element 1¢, is arranged a
condensing lens 8. This lens 3, receiving the
beam of parallel rays, causes the rays to con-
verge.. And then in turn, beyond lens 3, 1s
arranged the lens 4 which, receiving the
convergent pencil
the rays divergently again, and causes the
light to advance in 2 beam of parallel rays.
But the beam is now of diminished
(though of increased concentration).. 1t

3176

70

78

80

of light from lens 3, turns |

85

follows that the next énsuing unit need not

ke of the large size otherwise necessary.

Ordinarily the arrangement and power of
the parts thus far described will be such that
the successive refracting units (excepting

the first, if desired) will be duplicates. Iig.

7. shows also that, instead of the refracting

unit 1* combined with the condensing lens

3, each of these succeeding units may be
‘such as shown at 15 having a lenticular base.
The condensing lens 3 may thus be

‘_ ‘ rendered
unnecessary, and may be omitted. I believe

this building up of units it tandem and mn:

indefinite munber to be particularly appli-
cable in such use as lanterns in lighthouses.

30

100

" The theory underlying my invention, so

far as concerns a refractor for-changing the
direction of the light, will be well under-
stood on considering the diagrams, ¥igs. 10,
11 and 12.. Consider first Fig. 10. Suppose

a pencil of light composed of parallel rays.

to be traveling in the direction A B, from A
to B, and the line A B to be the axis of the
pose the object in view be to
turn the pencil, and to cause it to travel 1n
the direction and on the

is to effect the turning is glass. This re-

~ fracting body then will be a prism; and
conditions as have been

since, given such
stated, refraction

both of the entering and
of the emerging ray will be

toward the base

" of the prism, the arrangement will be that

indicated in Fig. 10, the prism F G H being
s0 disposed that the base G H lies on the side
of the broken line A B C toward which re-
fraction is to occur, and the summit F on
the opposite side. The degree ot the refract-
ing angle G F H
degree of refraction. Xor, simplicity of 1llus-
tration the prism
isosceles triangle,

symmetrically placed, pre-
cisely on the line D E which

bisects the

105

1190

axis B—C. The
medium is air and the refracting body which

115

120

125

determines, of course, the

T G H is shown to be an

130
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fuil upon the fdce B G of the prism;
and be emitted from the face

I Hasa ray advaneing in: the direction
B—C. This 1s llldlﬂ.:ith in - dotted. lines in -
M-"*—”——G ﬂmi{es in=. -

) HoN*.

sthem -to' adve ance "’mﬂether'
either side by side- or Uvermppmg """" {50 tm

- P

ﬁ@

1‘1 A tI‘M”'Blmﬂ’ in the direction: A—B falls
“Itwalls

be: reir deE‘{

1* 18, 10 thu pe 1611 “\I———I*

fmm the __mcm, I‘ ﬂ 113 the pencﬂ B-—-—-—N

The' 3 z)”{}blf‘ill is m C{}mbme the peufazla.ﬂ

emitted from two light sources and to cause

in ‘parallel’rays,

and merged the one1nto th% Cﬂﬂlﬁl

ST c;z,h,)
1* 19,11 shows: t*ﬁ{} hﬂhi sources,.

‘The two ideal” prisms ¥ G Hof Fig.

ing membe} O 4 H (which ig'the refracting

ntl.mnbu 1of Fig: 1) orthey may be wepaﬁ-i%}}fﬁ

rate prisms, or Sﬂpd‘l‘ﬁ.be parts of & prisnt
body, as indicated in Fi 10712
ranged sumiit to {-,,m_r.’umt the’ paths of light -
WIH not cross (¢f. Fig.5);

~arranged’ base to- babe the ‘paths-of hghﬁ g

30

“the. Partlcula,r msmnca chosen’ for- illustras

35

“will ‘eross, and this is the' state 'of the caseIn™

Figs. 1, 4, and T+ It will be observed that -
n all (31~=es the several pencils initially di-"

rected to converge are turned, so that thé-
degree of conver gence 18 dnmmshed.. and, -

tion, is actuaily reduced to zero—the refr: act-
ed rays advaneing in p:lmllel imes T
I clmm as my’ 1*1?(}11‘1:10}1 TREE

1. In a lantern, the mmbmatmn of a Pm“f |

 rality of light sources, a pyramidal’ pris:

havmg 3 bd, S¢ an d 3] piumlltv OE fa(:e;a cer

'Let ~=t theﬂ bé amapmad thm a,,

10 i':!_f;ﬁ;ghf
sour cos; ﬁnd T ﬂ.i- .L._m projecting penciis o
hgﬂt ffmn 3 wh. A0 ﬂ.*ﬂ.df-';‘*:r AHTOn ja"za.?w S¥HTS
‘one side of the prisin, the angles of ineidernice

- the prism- being subst mtvﬂhr per pe;nfhf i
1o the base thereof, B S

aned: ﬂ"’:;f:f:f:-
and t‘m““ ght P-:’tﬂq Wlth axes: % B and Af
. _-B!

“1f they bear-

but ﬁ ﬂl&'ﬁz beli

- dllned.
ranged  between succes: we units. i e
. h ave: he;{eum@ set“‘fi: Al
'1'*35" hand EE s

of. ﬂlt pencilsof - i ,;g} & frony said severa

sourcees upon the ba se. bmnw_.._._is_ e {Lrﬁi the /4

angle of refraction of all the p@m,ﬂ;-;, ey ng!; g

2,,. In s Tanisin. tha ambumtwa m‘F 3 5_11:’*-1

3. In a lantern the: combi mtmn {)1 a ph.-: PR
thel

© units of each group bang arranged . DTOs
ject p@nmh of light in (‘ﬁl’l”‘l’%l‘ ent padi A

rality ol groups of: light-giving units,

hgnt-divecting element. for sach group, such

elmnent being: m**f*angvd as.thimm therpaths ¢

< cessiow of Tight refractors, and & gﬂli,m ity of 58
- light sources for each: refractor o haght,

- sources for each: refractor: b?mmawm ged
“around-it-and projecting light wwerﬂm}dy;;
- upon it, and the: whole ar: mged 10 gzﬂo]e{}tﬁ
in-a common: direction ﬂle hgﬁhi ﬂmfs,mm_,sg__,-:; :
“fromithe severals sources. SRR I :
13
31134 be m’mml}pﬂd {ag it werﬂ) as mdmated@??ﬂ
in Fig. 11 and combined in 4 single refract-

- ——

Ot hght ehmmh ofrom salds hﬁht-—w1*,?wga{;{
units 6f the ._ﬁ'mm} cand ad&pted without:

lwht Iecewed ti} cimnﬂﬁ the direction of

chsmﬂm* the: deﬂ'lm of mmm*‘“atma of the: 6!

ad-y

vance angd: m cange the: light’ reﬂ@wgq from.
ali the assoctated: umﬂ:g 10 &dmnch Mo

direction,”
and & '11“}' m.~f..(znz1{1ellsiilg &lemant

mon

-In beatfmmw T*ha.,ra@f

‘the:several groups. wimrf;_g
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