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UNITED STATES

2,222,003

PATENT OFFICE

2,222,093

PIN-HEAD ELECTRIC LAMP AND METHOD
g OF MANUFACTURE

Harold Swanson, Cleveland, Ohio
Application April 18, 1946, Serial No. 330,247
17 Claims.  (CL 176-16)

This invention relates to improvements to con-
struct extremely small electric lamps and similar
articies.

One object of this Invention is to show a prac-
tical means of constructing an electric lamp and
similar articles that compares in size with the di-
mensions of the head of a common household or
clothing pin.

A further object is to show that the tmprove-
ments set forth in my original application, Serial
Number 744,598, filed Sept. 18, 1934, now s patent
for an electric incandescent high pressure gas
lamp, Patent Number 2,097,679, patented Nov. 2,
1937, and continued in application, Serial Number
166,347, filed Sept. 29, 1937, Patent Number
2,137,932, patented Nov. 22, 1938, and also con-
tinued in application, Serial Number 190,615,
filled Feb. 15, 1938, Patent Number 2,154,542,
patented April 18, 1939, are adaptable to make
extremely small electric lamps and similar ar-
ticles.

A further object is that this invention shall be a
continuation of my earlier inventions mentioned
in the preceding paragraph, in respect to where
any improvements or subject matter of my earlier
inventions can be used to an advantage with the
improvements of this invention, particularly the
use of hollow metal wires and their many fea-
tures which are described in the previous applica-
tions or patents and in this application.

A further object is that the small electric lamps
described herein can be substituted for the small
electric lJamps as mounied and described in the
applications and patents referred to in the two
pbreceding paragraphs.

A further object is to show that by using the
improvements deseribed herein, it is possible to
build electric lamps that will be smaller as to
minuteness than any electric lamp which is con-
structed by previousiy known means; therefore
these small electric lamps which I choose to cail
herein pin-head electric lamps, might be appro-
priately called the smallest lamps in the world.

A further object is that these pin-head electric
lamps can be constructed as: electric incandes-
cent lamps of vacuum, low pressure gas, or high
pressure gas types; electric metallic vapor fila-
ment type lamps; electric metallic vapor arc
lamps of the low pressure or the high pressure
types; electric glow lamps of the low pressure gas
or the high pressure gas types,

Other objects of this invention will appear more
fully described and illustrated hereinafter.

While it is practical to adapt the improve-
ments of this invention to g large variety of small

eleciric lamps, the present Patent Office regula-
tions restrict the claims that are allowed in & -
single patent which illustrates more than three
types. In the accompanying drawings I have
illustrated several types to show that I have not 5
overlooked the possibility of many variations in
types of lamps to apply these improvements; how-
ever in the drawings, several features are common
with those types illustrated by the following in
which: 10

Fig. 1 to Fig. 6 are enlarged sectional views of
individual pin-head electric lamps.

Fig. T to Fig. 12 are enlarged sectional views of
the bulbs for pin-head electric lamps.

Fig. 13 to Fig. 21 are enlarged sectional views
of the progressive operations in constructing one
of the individual pin-head lamps.

Fig. 22 is an enlarged sectional and elevational
view of a multiple string of pinhead electric lamps
arranged in position for exhausting, filling and
final sealing. }

Fig. 23 and Plg. 2¢ are enlarged sectional and
elevational views of multiple strings of pin-head
electric lamps.

Referring to Fig. 1 which is an enlarged sectional
view of & pin-head electric incandescent lamp;
having two hollow metal wires § and 2 hermeti-
cally sealed by glass fusion into the glass bead
at 3 and 4 to form the lamp bulb §; a coiled lamp
filament 6 is slipped over the ends of two electric
lead-in wires 7 and 8 that are separated a suffi-
cient distance for the lamp filament’s lighting re-
quirements, and spot welded or fastened to the
lead~-in wires at 8 and 10 forming the filament
mount; the filament mount is placed within the
lamp bulb & and the hollow metal wires | and 2
are compressed against the lead-in wires 8 and {8
to hold the flament mount in place without en~
tirely closing off the passage for exhaust (see
Fig. 18) ; after which the lamp bulb is exhausted
to a vacuum, or exhausted and filled with an inert
gas af either low or high pressures through the
hollow metal wires { and 2 which are swaged
around or flattened and cui off with the lead-in
wires 8 and 10 to form the preliminary seals at {1 45
and 12, after which the final seals at {3 and {4
are made by either electric welding, brazing, sol-
dering or otherwise closing the ends air tight:
thus making the electric lamp. ’

Referring to Fig. 2 which is an enlarged sec- 50
tional view of a pin-head electric incandescent
lamp; having two filament supports i5 and i6
that are made from nickel or any low thermal ex-
pansion metal rod, each turned on the outside
diameter to form steps 17, 18, and 19, on one sup- 56
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port and steps 26, 21, and 22 on the other sup-
port, with slots 23 and 24 cut in each; a coiled
lamp filament 25 is slipped over the filament sup-
ports 15 and 16 on their respective steps 19 and 22
and spot welded thereto at 26 and 27 to form the

filament mount; the filament mount is placed -

within two hollow metal wires 28 and 29 that are
separated a sufficient distance for the lamp fila-
ment’s lighting requirements and spot welded or
slightly compressed against the supports 15 and 16
on their respective steps 1T and 20 to hold the
fillament mount in place; a glass bead or bulb 30
is placed over the hollow metal wires 28 and 29
and hermetically sealed thereto by glass fusion at
31 and 32; after which the lamp is exhausted to
a vacuum, exhausted and filled with an inert gas
at either low or high pressures through the hollow
metal wires 28 and 29 which are swaged or flat-
tened and cut off to form the preliminary seals at
33 and 34, after which the final seals at 35 and 36
are made by either electric welding, brazing, sol-
dering, or otherwise closing the ends air tight;
thus making the electric lamp.

In Fig. 1 and Fig. 2, it is obvious that the lamp
filaments can be made of close wound coils and
mounted on the filament supports within the
hollow metal wires butted end to-end (see Fig.
13) ; then when the glass bead or bulb is hermeti-
cally sealed and is still in a plastic state, the
hollow metal wires can be pulled apart with the
fillament supports, thereby separating the lamp
filament coils where they are free to slip on the
ends of the filament supports. The finished
lamps will be the same as is shown in Fig. 1 and
Fig. 2.

Referring to Fig. 3 which is an enlarged sec-
tional view of a pin-head electric incandescent
lamp; having a close wound coil lamp filament 37
inserted into the ends of two hollow metal wires
38 and 39 that are butted end to end and spot
welded or slightly compressed to hold the lamp
filament 37 in place at 40 and 41; a glass bead or
bulb 42 is placed over the hollow metal wires 38
and 39 at their junction and hermetically sealed
thereto by glass fusion at 43 and 44 and while
the glass bead or bulb 42 is still in a hot plastic
state, the hollow metal wires 38 and 39 are pulled
apart, thereby separating the coils of the lamp
filament 37 and exposing them for their light to
pass through the bulb 42 which can be blown, to
enlarge if desirable; after which the lamp is ex-
hausted to a vacuum, or exhausted and filled
with an inert gas at either low pressure or high
pressure through the hollow metal wires 38 and 38
which are swaged or flattened and cut off to form
the preliminary seals at 45 and 486, after which the
final seals at 47 and 48 are made by either electric
welding, brazing, soldering or otherwise closing
the ends air tight; thus making the electric lamp.
When inserting the close wound.coil lamp fila-
ment 37 in the ends of the hollow metal wires 38
and 39, a close fitting removable mandrel within
the coil fllament 3T will facilitate its insertion
into the hollow metal wires; or the coil filament
37 can be tightly wound upon a lead, tin, or any
other low fusing metal mandrel than can be re-
moved by melting when the glass bulb 42 is heat-
ed, or it can be removed by vaporizing with an
electric induction furnace with the hollow metal
wires 38 and 39 connected to a vacuum line before
or after the hermetic seals at 43 and 44 are made.

Referring to Fig. 4 which is an enlarged sec-
tional view of a pin-head electric incandescent
lamp; having a coil lamp filament 49 with two
filament support tubes 50 and 54 spot welded or
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clamped over the ends to form the filament
mount; the filament mount is placed within two
hollow metal wires 52 and 53 that are separated a
sufficient distance for the lamp filament’s light-
ing requirements and compressed against the
filament supports 50 and 51 to hold the filament
mount in place without entirely closing off the
passage for exhaust (see Fig. 18); a glass bead or
bulb 54 is hermetically sealed by glass fusion at
55 and 56 to the hollow metal wires 52 and 53;
after which the lamp is exhausted to a vacuum,
or exhausted and filled with an inert gas af either
low or high pressures through the hollow metal
wires which are swaged or flattened and cut off
to form the preliminary seals at 57 and 58, after
which the final seals-at 59 and 60 are made by
either electric welding, brazing, soldering, or
otherwise closing the ends air tight; thus making
the electric lamp.

In Fig. 4 it is obvious that the lamp filament 48
can be made 2 close wound coil with other opera-
tions performed for sealing and separating the
¢olls as previously referred to for the lamps in
Fig. 1 and Fig, 2.

Referring to Fig. 5 which is an enlarged sec-
tional view of a pin-head electric incandescent
and metallic vapor arc lamp; having a coiled
lamp filament 6{ slipped over two tungsten or
high temperature heat resisting arcing elec-
trodes 62 and 63 that are free from confact with
the fllament 61 except where they are spot welded
together at 64 and 65; mounting the electrodes
62 and 63 with the filament 61 thereon within two
hollow metal wires 66 and 67 that are separated
a -sufficient distance for the lamp’s lighting re-
quirements and clamped against the electrodes 62
and 63 to hold the filament 61 and set the arcing
space 88 in place without entirely closing off the
passage for exhaust (see Fig. 18); a glass bead or
bulb 69 is hermetically sealed by glass fusion at
70 and 7! to the hollow metal wires 66 and 67;
after which the lamp is exhausted to a vacuum
and filled with a quantity of mercury 72 that is
equal to approximately one-tenth (%) of the
entire inside volume of the lamp, through the
hollow metal wires 66 and 67 which are swaged
around the electrodes 62 and 63 to form the pre-
liminary seals 13 and 74, after which the final
seals at 75 and 76 are made by electric welding
or otherwise closing the ends air tight; thus
making the electric lamp.

In Fig. 5 it is obvious that the lamp can be
made to operate as a high pressure mercury arc
lamp or a low pressure mercury arc lamp; which
depends upon the relative parts of the lamp to-
gether with conditions under which the lamp
operates, such as the lamp operating voltage and
current supply amperage, the filament size and
length, the size of the electrodes and the arcing
space distance, quantity of mercury therein, if
the lamp has a vacuum or is gas filled, or the
electronic emission from the lamp filament and
the electrodes. The lamp can be filled with a
predetermined high pressure gas such as hydrogen
to build up a very high arc resistance or it can be
filled with a low pressure ionizing gas such as
neon to make:a low arc resistance; then by mix-
ing two or more inert gases (neaning chemically
inert to the lamp parts) and by varying the gas

pressure within the lamp, a very wide combination 7

of operating characteristics of the lamp can be
obtained; also the lamp filament 61 and the elec-
trodes 62 and 63 can be coated with electronic
emission substances, such as compounds of

10

15

20

25

30

35

40

45

60

GO

65

thorium, polonium, uranium, or radium in small 78



16

i5

20

25

40

80

2,222,003

quantities, jonium, or any radicactive rare-earth
compounds, or impregnated (sometimes called
alloyed) with such electronic emission substances
by mixing them with reduced metallic powder
from which the filament 6f or electrodes 62 and
63 are made during their manufacturing processes
to give a high electronic emission when they are
heated within the lamp. This high electronic
einission from the filament 61 -and the electrodes
62 and 63 rapidly ionizes the gases within the
lamp which in turn starts the electronic flow to
produce the electric arc across the arcing space 68
between the electrodes 62 and 63 and radiates
light.

Referring to Fig. 6 which is an enlarged sec-
tional view of a pin-head electric glow or metallic
vapor arc lamp; having two arcing electrode but-
tons 17 and 18 fastened to two electrode rods 1§
and 80; mounting the electrode rods 79 and 80
with the electrode buttons 17 and 78 thereon with-
in two hollow metal wires 81 and 82 that are sepa-
rated s sufficient distance for the lamp’s lighting
reguirements and clamped against the electrode
rods 79 and 80 to hold the electrode buttons 17
and 18 that set the arcing space 83 in place with-
out entirely closing off the passage for exhaust
(see Fig. 18); a glass bead or bulb 84 is hermeti-
cally sealed by glass fusion at 85 and 86 to the
holiow metal wires 81 and 82; after which the
lamp is exhausted and filled with neon or any
other jonizing gas or mixture of gases at either
low or high pressures, and also filled with a
quantity of mercury 87 that is equal to approxi-
mately one-tenth (%) of the entire inside volume
of the lamp, through the hollow metal wires 8!
and 82 which are swaged around the electrode
rods 79 and 80 to form the preliminary seals at 88
and 88, after which the final seals at 98 and 8i
are made by electric welding or otherwise closing
the ends air tight; thus making the electric lamp.

In Fig. 6 it is obvious that the lamp can be
made to operate as a low pressure gas glow lamp,
& high pressure gas glow lamp, a high pressure
mercury arc lamp, or a low pressure mercury arc
lamp; having other variable festures and char-
acteristics as previously referred to in connection
with the lamp in Fig. 5,

In Fig. 5 and Fig. 6, for convenience of draw-
ing the illustration, I have shown the mercury
12 and 87 in a level pool within the lamp. After
the lamp has once been lighted the mercury
would be in the form of little droplets or globules
clinging all over the inside surfaces of the lamp.
Also the quantity of mercury within each lamp

5 could vary from-a trace up to a maximum amount

needed which very rarely would exceed one-tenth
(r5) of the entire inside volume of each lamp.
It is also evident that other low vaporizing metals
such as sodium, potassium, or any other metal or
alloy could be substituted for the mercury 72
and 87 within the lamps.

Referring to Fig. 7 which is an enlarged sec-

- tional view of a pin-head electric lamp bulb;

i

70

4]

having a glass bead or bulb 82 which is bored out
mechgnically or drawn out by heating to a plastic
state as in glass blowing methods to form the
small capillary hole 93 and also the hell-mouth
enlargements 94 and 95 extending therefrom: two
hollow metal wires 86 and 87 with ends tapered
and rounded at 98 and 99 are inserted into the
beil-mouth enlargements 84 and 95 and hermeti-
cally sealed by glass fusion with the glass bead or
bulb 82 at 100 and 10f; thus making the electric
lamp bulb.

Eeferring to Fig. 8 which is an enlarged sec-

3

tional view of a pin-head electric lamp bulb:
having a quartz pebble or transparent gem {02
which is bored out mechanically {0 form the small
capillary hole 103 and also the bell-mouth en-
largements {04 and {05 extending therefrom; two
hollow metal wires 106 and 197 with the ends
tapered and rounded at 08 and 109 are inserted
into the bell-mouth enlargements (04 and (05;

the gem {02 is cleaned and the outside surface is.

costed with a film of sodium silicate solution and
dried for glass fusion with it; the gem 102 with
the hollow metal wires {06 and 107 inserted there-
in are placed within a glass bead or bulb 116 and
all hermetically sealed together by glass fusion
at (tl, 112 and #13; thus making the electric
lamp bulb, ‘

In Fig. 7 and Fig. 8, the pin-head electric lamp
bulbs are intended to be used with small electric
incandescent high pressure metallic vapor fila-
ment lamps, or they can be substituted for a
metallic vapor filament capillary tube as deseribed

. in my invention previously referred to as Patent

Number 2,154,542, patented April 18, 1838. .

Referring to Fig. 9 which is an enlarged sec-
tional view of a pin-head electric lamp bulb; hav-
ing a quartz pebble or transparent gem ({4
which is bored out mechanically to form the hole
145 with chamfers 148 and §17; the gem 144 is
cleaned and the outside surface is coated with a
film of sodium silicate solution and dried for
glass fusion with it; two hollow metal wires {18
and {18 are butted against the gem { {4 and placed
within a glass bulb {28 (fwo removable pointed
mandrels in the hole chamfers {16 and ({7 of
the gem {14 passing through the hollow metal
wires {18 and {19 will hold them centrally) which
are all hermetically sealed together by glass fu-
sion at 121, {22 and [23; thus making the electric
lamp bulb.

Referring to Fig. 10 which is an enlarged sec-
tional view of a pin-head electric lamp bulb; hav-
ing a quartz pebble or transpavent gem 124
which is bored out mechanically to form the hole
(25 that will closely fit with the ends of the two
hollow metal wires 126 and 127 (the ends of the
hollow metal wires i26 and 127 can be fitted to
the hole {25 in the gem {24; or the hole {25 in
the gem {24 can be made slightly tapered from
the outside to the center to fit the ends of the
hollow metal wires 126 and {27); the gem 124 is
cleaned and the cutside surface is coated with a
film of sodium silicate solution and dried for
glass fusion with it; the gem 124 with the hollow
metal wires (26 and [27 inserted therein are
placed within a glass bulb {28 and 211 hermeti-
cally sealed together by glass fusion at {28, 30
and {31; thus making the electric lamp bulb.

Referring to Fig. 11 which is an enlarged sec-
tional view of a pin-head electric lamp bull; hav-
ing a quartz pebble or transparent gem (32 which
is bored out mechanically to form the bell-mouth
hole i33; two hollow metal wires {34 and {35 with
the ends tapered at {38 and {37 are fitted to the
bell-mouth hole {33; the gem {32 is cleaned and
the bell-mouth hole 133 is coated with a film of
sodium silicate solution and dried for glass fu-
sion with-it; glass beads 188 and {39 are her-
metically sealed by glass fusion with the hollow
metal wires 134 and 135 at 148 and 14§ and are
inserted into the hole 133 of the gem 132 and
also hermetically sealed by glass fusion at 142
and i43; the surplus sodium silicate within the
bell-mouth hole {33 can be washed away by forc-
ing chemical solutions and rinsing with pure
water through the hollow metal wires 134 and
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135; a dilute solution of water and sulphuric acid
with a little hydrofiuoric acid added makes one
type of chemical solution; any slight dissolving
of the inside of the hollow metal wires 134 and
135 will not be objectionable; thus making the
electric lamp bulb.

Referring to Fig. 12 which is an enlarged sec-
tional view of a pin-head electric lamp bulb;
having two hollow metal wires 144 and 145
butted end to end (see Fig. 13) with a removable
mandrel therein; grains or particles of crushed
quartz pebble or transparent gem 146 (several
shown) are cleaned and immersed in a dilute
solution of sodium silicate so as to have a very
thin film coating of it thereon and dried for glass
fusion with them; mixing powdered glass with
the grains 146 and forming into a moulded bead
or bulb (41 under mechanical pressure; the
moulded bead or bulb is placed over the hollow
metal wires 144 and 145 at their junction and
hermetically sealed thereto by glass fusion at
148 and 149 and while the glass of the bead or
bulb 147 is still in a hot plastic state, the hollow
metal wires 144 and {45 are pulled a fixed dis-
tance apart; the bead or bulb can also be made
by building up and fusing the grains 146 with
the powdered glass on the ends of the hollow
metal wires 144 and 145; thus making the elec-
tric lJamp bulb.

In Fig. 12, the pin-head electric lamp bulb will
give light diffusion without much light absorp-
tion. If the fusing processes are done in g high
vacuum, the bulb will be more transparent with
less light diffusion, otherwise the bulb is milky
or white with light diffusion. About five per-
cent (5%) of the light is lost but maximum light
diffusion is obtained. ’

Referring to Fig. 13 on through to Fig. 21 which
are enlarged sectional views of the progressive
operations in constructing a pin-head electric
incandescent lamp; having identical parts num-
bered with the same number where they appear
in any of the views even though those numbers
are not mentioned in the descriptive caption for
the figure where those numbers are repeated;
and having in Fig. 13 g glass bead or bulb {50
slipped over two hollow metal wires {5f and 52
butted end to end with a removable heat resist-
ing mandrel 53 inserted through them and
clamped between jaws 54, (55, 156 and 457 of
one fixture; the glass bead or bulb 150 is placed
over the junction of the hollow metal wires {54
and 52 and the gas flames {58 and 159 are di-
rected thereon until the bulb {50 is hermetically
sealed by glass fusion to the hollow metal wires
151 and 152 in Fig. 14 at 160 and {61 and while
the glass bead or bulb 150 is still in a hot plastic
state, the hollow metal wires 151 and 152 are
pulled a fixed distance apart with their respec-
tive -jaws 158, 159, 156 and (57 of the fixture;
thus making the lamp bulb assembly. In Fig. 15
the lamp bulb assembly is slipped over one elec-
tric lead-in wire 162 and a coiled lamp filament
{64 is slipped over another electric lead-in wire
i63; the lead-in wires 162 and 163 are clamped
between the jaws 165, 166, 167 and 168 of another
fixture so as to set the filament space 169. In
Fig. 16 the filament 164 is placed centrally over
the filament space 169 (see Fig. 15) and clamped
or spot welded at {70 and ITI to form the fila-
ment mount. In Fig. 17 the lamp bulb assembly
is centrally placed over the lamp filameént 164 and
the hollow metal wires {5 and 152 are com-
pressed against the lead-in wires 162 and 163
at 172 and 173 to hold the filament mount in place
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without entirely closing off the passage for ex-
haust as shown by cross-section in Fig. 18; thus
making the lamp bulb and filament mount assem-
bly which is removed from this fixture. In Fig.
19 the hollow metal wire 151 of the lamp bulb and
filament mount assembly is freely inserted into
an exhaust and gas filling adaptor that is con-
nected to gas filling equipment, in which a com-
pression type rubber ring 174 is held in a fixed
sleeve 1715 that encloses the compression plunger
1716. In Fig. 20 the compression plunger 176 com-
presses the rubber ring {14 and by volume dis-
placement the rubber ring (74 compresses and
closes in around the hollow metal wire {51. The
Jamp bulb and filament mount assembly is heated
to drive off moisture and air that is held against
the inside surfaces by capillary, surface and static
attraction, and at the same time a hydrogen gas
is forced through the lamp in and out simul-
taneously through the hollow metal wires 151 and
152 to drive out the air and moisture and also
clean the filament 164 as an electric current lights
up the filament 164 to incandescence by connect-
ing the electric supply line to the hollow metal
wires i151 and 152 for a short interval of time;
a nitrogen flushing gas drives out the hydrogen
and then an argon flushing gas drives out the
nitrogen, displacing the inside volume with argon
(usually a mixture of argon, 20% nitrogen, and
traces of rare atmospheric gases such as neon,
krypton and others makes the best inert filling
gas) ; the hollow metal wire 152 is then mechani-
cally flattened at {13 to prevent too much filling
gas from escaping and also to form one prelim-
inary seal; when the filling gas has reached the
desired pressure (either low or high pressure)
within the lamp, the other hollow metal wire 51
is mechanically flattened at i72 to form the other
preliminary seal; the lamp is then removed from
the gas filling adaptor by releasing the compres-
sion plunger (16 which allows the compression
rubber ring {74 to open itself; the ends of the hol-
low metal wires 15! and {52 and the lead-in wires
{62 and 183 are cut off at 117 and {78. In Fig.
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21, the final seals at- {79 and 188 are made by 45

either electric welding, brazing, soldering, or
otherwise closing the ends air tight; thus mak-
ing the electric lamp.

Referring to Fig. 22 which is an enlarged sec-
tional and elevational view of a multiple string
of pin-head electric incandescent lamps con-
nected together in simultaneous exhaust, fill,
and final seal arrangement; having similar parts
numbered with the same number where they
appear with each lamp; the lamps are made as
individual lamps except that they are connected
together, exhausted, filled, and finally sealed as
a single unit assembly; having a coiled lamp fila-
ment {8{ slipped over the end of a first electric
lead-in wire 182 and clamped or spot welded
together at 183 which are both inserted into
the end of a first hollow metal wire 184 which is
compressed against the lead-in wire 182 at 185
to hold the lamp filament 181 and the lead-in
wire 182 in place without entirely closing off
the passage for exhaust (see Fig. 18); a second
lead-in wire 186 is slipped into the end of the
filament 181 and clamped or spot welded together
at 187; a glass bead or bulb 88 is slipped over
the end of a second hollow metal wire 189 which
is slipped over the second lead-in wire 186 and
filament 181; the second hollow metal wire (89
is compressed against the lead-in wire 186 at
190 to hold the lamp filament (81 and the lead-
in wire 186 in place without entirely closing off

50

55

GO

65

70

(£



10

16

20

26

30

36

44

2,222,003

the passage for exhaust (see Fig. 18); the ends
of the hollow metal wires 184 and 188 and the
ends of the lead-in wires 182 and 186 were sep-
arated a sufficient distance for the lamp fila-
ment’s lighting requirements when they were
previously sef in place; the glass bulb 188 is cen-
trally located over the filament (8i and her-
metically sealed by glass fusion to the hollow
metal wires 184 and 189 at 19f and 192 and
while the glass bead or bulb 88 is still in & hot
plastic state, the inside diameter can be slightly
enlarged by blowing air under pressure into the
bulb {88 through the hollow metal wires 184 and
88; thus making one lamp of the string. 'The
second lamp of the string is made similar to the
first lamp except that the second hollow metal
wire. 18§ of the first lamp becomes the firss
hollow metal wire of the second lamp. The
third, fourth, fifth, etc., lamps are made similar
to the second lamp. For convenience of identi-
fication here, the last hollow metal wire is num-
bered {83, The entire string of lamps are ex-
hausted, filled, and finally sealed as a unit as-
sembly similar to a single lamp with the same
operations performed as previously described for
the lamp in Pig. 19, Fig. 20 and Fig. 21; thus
making the string of electric lamps.

The string of electric incandescent lamps in
Fig. 22 can be. connected electrically to burn
in either series, parallel, or series parallel cir-
cuits even though the gas chambers of each
lamp are all interconnected: also the number of
lamps in the string or the distance between the
lamps can be as desived.

Referring to Fig. 23 which is an enlarged
sectional and elevatiohal view of a multiple
string of pin-head electric glow or metallic vapor
arc lamps; having similar parts numbered with
the same numbers where they appear with each
lamp; the lamps are made as individual lamps
except that they are connected together, ex-
hausted, filled, and finally sealed as a single unit
assembly; having a first arcing electrode button
184 fastened to a first electrode rod 188; mount-
ing the electrode rod 19% with the electrode
button {94 thereon within a first holiow metal
wire 196 and clamped against the electrode rod
198 at 197 to hold it in place without entirely
closing off the passage for exhaust (see Fig. 18) ;
& second arcing electrode rod 198 with a grooved
sleeve 19% centrally fastened thereon and a sec-
ond and third ‘arcing electrode buttons 260 and

201 fastened on the ends therecf which are cen-
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trally placed within a second hollow metal wire
202 and clamped or spot welded at 203 to hold it
in place; a glass bead or bulb 284 is centrally
located over the electrode buttons {94 and 200
that are held at a fixed distance apart for the
arcing space 205 and hermetically sealed by
glass fusion to the hollow metal wires {896 and
202 at 206 and 207; thus making one lamp of
the string. The second lamp of the string is
made similar to the first lamp except that the
second hollow metal wire 202 of the first lamp

3 becomes the first hollow metal wire of the sec-

and lamp. The third, fourth, fifth, ete., lamps
are made similar to the second lamp. The last
lamp in the string is made the same as the first
lamp, having a similar hollow metal wire {96,
electrode rod 195, and electrode button §94;
after which the siring of lamps are exhausted
and filled with neon or any other ionizing gas
or gas mixture at either low or high pressures
and also filled with & quantity of mercury 2068,
that is equal to approximately one-tenth (F5)

5

of the entire inside volume of the string of lamps,

through both end hollow metal wires 196 (one

end shown) which are swaged around the end

electrode rods 195 to form the preliminary seals

at 181; after which the final seals at 209 on both
ends are made by electric welding or otherwise
closing the ends air tight; thus making .the
string of electric lamps,

Referring to Fig. 24 which is an enlarged sec-

‘tional and elevational view of a multiple string

16

of pin-head electric incandescent and metallic -

vapor arc lamps; having similar parts numbered
with the numbers where they appear with each
lamp; the lamps are made as mdividual lamps
except that they are connected together, ex-
hausted, filled, and finally sealed as a single unit
assembly; having g coiled lamp filament 21§
slipped over a first tungsten or high tempera-
tute heat resisting arcing electrode 2f{ that is
frée from contact with the filament 210 except
where they are spot welded together at 2132;
mounting the electrode 2i{ with the filament
210 thereon within a first hollow metal wire 213
which is clamped against the electrode 2§ at
244 to hold it in place without entirely closing
off the passage for exhaust (see Fig. 18); a sec-
ond tungsten or high temperature heat resist-
ing arcing electrode 215 with g grooved sleeve
216 centrally fastened thereon is slipped into the
first sllament 210 while a second coiled lamp fila-
ment 2{7 is slipped over the other end of the
electrode 2(5 that is free from contact with hoth
filaments 2(# and 2471 except where they are spot
welded together at 218 and 218; a second hollow
metal wire 228 is centrally located over the
grooved sleeve 218 which is clamped or spot
welded -thereto at 22{ to hold it in place; a glass
bead or bulb 222 is centrally located over the
filament 216 and the electrodes 21 § and 2{8 that
were previously set at a fixed distance apart for
the arcing space 223 and hermetically sealed by
glass fusion to the hollow metal wires 25 and
220 at 224 and 225: thus making one lamp of
the string. The second lamp of the string is
rade similar to the first lamp except that the
second hollow metal wire 220 of the first lamp
becomes the first hollow meial wire of the sece
ond lamp. The third, fourth, fifth, ete., lamps
are made similar to the second lamp. The last
lamp in the string is made the same as the first
lamp, having a similar hollow metal wire 2i§ ang
elecirode 211; after which the string of lamps
are exhausted to a vacuum or exhausted and
filled with an inert gas at either low or high
bressures together with g quantity of mercury
226, that is equal to approximately one-tenth
(¥¢) of the entire inside volume of the string of
lamps, through the end hollow metal wires %63
(one end shown) which are swaged around the
end electrode rods 211 to form the preliminary
seals at 214; after which the final seals at 227
on both ends are made by electric welding or
otherwise closing the ends air tight; thus make
ing the string of electric lamps. .

It is obvious that the variable features previ-
ously referred to regarding
and Fig. 6 will also 2pply o the lamps in Pig. 23
or Fig. 24. Another feature of these lampg is
that they are adapted to be substituted for either
glass capillary tube assembly that is referred to
in Patent 2,154,542, patented April 18, 1839, page
1, column 2, line 15, or page 2, column 1, line 5,
with one or several lamps being used as may be
desired with individual lamps spot welded to-

the lamps in Fig. §.
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gether or with a string of lamps as shown in Fig.
22, Fig. 23 and Fig. 24. It is also obvious that
any of the other electric pin-head lamps shown
herein can be substituted for the glass capillary
tube, and when they are filled with high pres-
sure gas, an even greater gas pressure can be sus-
tained therein because of the high pressure gas
surrounding them within the outer thick wall
bulb.

In the descriptions of the lamps shown in Fig.
6 to Fig. 24, several different ways are shown to
construct the pin-head electric lamps and it is
obvious that the sequence of operations described
herein can be changed without materially alter-
ing the finished lamp; also the parts of one lamp
*can be substituted for similar parts of other
lamps, thus making other combinations of parts,
for example the bulb in Fig. 10 can be substi-
tuted for the bulb in Fig. 1, Fig. 2, Fig. 3, etc,,
making many combinations; therefore g further
object of this invention is that each part or each
operation performed to assemble that part with
another part shall be an improvement of this
invention.

In Fig. 23 and Fig. 24 are shown strings of pin-
head electric lamps which are ideally suited to
make improved fluorescent lamps, by substitut-
ing them for the small lamps shown mounted in
my previous invention Patent Number 2,137,732,
patented Nov. 22, 1938, in which a reference is
made to fluorescent bulb coatings on page 3, col-
umn 2, lines 7 to 23 inclusive. The lamps best
suited for fluorescent lighting would be similar
to those lamps shown in Fig. 1 and Fig. 4 of Pat-
ent 2,137,732, In the ordinary fluorescent lamp,
which is practically a low pressure gas glow lamp
having fluorescent material coated on the inside
of the bulb, there arises the difficulty of mak-
ing a compact lamp of sufficient wattage or total
Iumen output in a single unit that will give
enough light for an ordinary size household
room; for example some of those single unig
tubular lamps, which barely give enough light
for proper illumination, are approximately one
and one-half inches outside diameter by forty-
eight inches long (1%’ O. D. x 48’ Lg.) which
makes them both expensive and clumsy for
household lighting; also the ordinary size globu-
lar lamp seems to be impractical for construct-
ing gas glow type fluorescent lamps. In my in-
vention a string of these pin-head electric lamps
can be designed to have wattages that are com~
parable with most all sizes of household electric
incandescent lamps and can be substifuted and
mounted in place of the wire fllaments within
those lamp bulbs; the inside surfaces of those tu-
bular or globular glass bulbs are coated with a
thin layer of fluorescent material such as zinc
silicate which phenomenally changes the energy
of invisible light rays to visible light rays and in-
creases the lighting efficiency of the lamp.
‘While the coating of fluorescent material has a
certain amount of hiding and diffusing proper-
ties for the other visible light rays, yet the gains
made by fluorescence seems to offset it. In my
previous invention Patent 2,137,732, the small
lamps of my copending application Serial Num-
ber 190,615, now Patent Number 2,154,542, pat-
ented April 18, 1939, were mounted therein for
fluorescent lighting effects and was duly refer-
enced on page 3, column 1, lines 2 to 5 inclusive.
Now I claim that these pin-head electric lamps
as individual lamps as in Fig. 5 and Fig. 6 that
can be connected together, or the string of pin-
head electric lamps interconnected as a single
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unit as in Fig. 23 and Fig. 24, are an ideal com-

bination for making compact fluorescent, phos-

phorescent, or luminescent electric lamps when
mounted within a large bulb as previously de-
scribed.

In Fig. 22, Fig. 23 and Fig. 24, the pin-head
lamps are shown with their inside volumes all in-
terconnected, and it is a further obect of this
invention that this method of connecting small
electric lamps together shall be one of the im-
provements of this invention, for example the
small electric lamps shown in the previously
mentioned patents (2,097,679; 2,137,732, 2,154,-
542) can also be interconnected by this method.

While it is obvious that the hollow metal wire
is a convenient means of interconnecting the
small electric lamps together, yet it is possible
to interconnect them with glass tubing. One ob-
ject in making a series of small pin-head lamps
that are interconnected with glass tubing in-

. stead of being made in a longer tubular lamp

like those in the patents mentioned in the pre-
ceding paragraph, is that the natural gem or
quartz pebble bulbs can be untilized in electric
lamp making that will withstand higher oper-
ating temperatures than the fused product of
the same material. Some gems are generally ac-
cepted as being infusible, such as diamond which
will change to graphite at about 2200 degrees
Kelvin temperature, however these infusible
gems can be used close to the light source in a
pin-head electric lamp and glass tubing with
solid lead-in wires supported therein can inter-
connect between the pin-head lamp bulbs.
When high pressure gas is sealed within such
a string of pin-head electric lamps, the end bulbs
can have hollow metal wires extending there-
from for exhausting, filling, and finally sealing
the gas therein, while the other lamps in the
string are interconnected with glass tubing. A
string of such glass tube interconnecting gem
bulb lamps could be manufactured by making
pieces of glass tube which have their ends cupped
out sufficiently to enclose a gem that has previ-
ously been bored out for the lamp light source,
inserting lead-in wires on supports within the
glass tube, connecting a lamp filament or arcing
electrodes to the lead-in wires, slipping the gem
over the filament or arcing electrodes, butt seal-
ing two cupped end tubes together by glass fusion
to enclose the gem with the filament or arcing
electrodes therein, and so on with the next lamps
until the string of lamps are interconnected
which can be exhausted and filled like the lamps
in Fig. 22; therefore a further object of this inv-
vention is to show that the method of intercon-
necting the inside volume of small electric lamps
together, can be applied to small lamps having
glass tubes connecting them as well as hollow
metal wires connecting them; also a further ob-
ject is to show that gem bulbs can be made with
glass tubing connecting them as well as hollow
metal wires connecting them.

The size of the small spherical (tubular if de-
sired) lamp bulbs most readily adapted to the
improvements of this invention would have a
range from one millimeter (1 mm.) to five milli-
meters (6 mm.) in diameter; however the
smallest size to which it is possible to make them
would depend upon the smallest size of the hol-
low metal wires., The smallest size or the exact
limit as to how small it is possible to make a
hollow metal wire or even a solid wire has never
been determined; however solid platinum wire
has been made as small as four microns (4 ») in
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diameter. Such small platinum wire is made by
making a small platinum core within a rod of
steel, copper, or any other suitable wire drawing
metal; then the rod is reduced to fine wire by
regular wire drawing processes, which at the
same time reduces the platinum core to approxi-
mately the same proportional size in the fine wire
as it was within the-original rod, then by dis-
solving the steel or other metal sheath of the
fine wire with acid or other chemicals that will
not attack the platinum, an extremely fine plati-
num wire is made. This same method of mak-
ing an extremely fine solid platinum wire can
be applied to making an extremely fine platinum
hollow metal wire except that a platinum hol-
low core Is reduced within the steel or other meta}
fing wire. The hole in the platinum core with-
In the steel or other metal rod is mandreled as
it is first reduced to a larger wire, then reduced
without a mandrel by wire drawing to a fine hol-
low metal wire that later has the outside sheath
of steel or other metal removed by acid or other
chemicals. It is not possible to make such hol-
low metal wire as small in diameter as s solid
wire, however the experiments with the larger
hollow metal wire in wire drawing show or indi-
cate that when the wall thickness of the hollow
metal wire is equal to approximately one-half
(%) of its inside diameter the same metal can
be made into a hollow metal wire which is ap-
proximately fen times (10x) the diameter of a
solid wire made of that same metal; for exam-
ple I have had hollow metal wire made from
stainless steel containing from twenty-seven to
thirby. percent (27 to 309%) chromium that
measured eighteen-thousandths inches (.018)
outslde diameter with five-thousandths inch
(.005'") wall, whereas this same metal can be
reduced to solid wire from one-thousandth to
two-thousandths inch (001’ to .002'*) outside
diameter, in each case if the metal is drawn
mueh smaller than these dimensions, breakage
Increases rapidly and it seems that the grain
structure of the metal bears a direct relation to
the minimum size to which it can be drawn.
This analogy would fix the present low limits
of a platinum hollow metal wire at 40 microns
(40 p) in diameter, which could be sealed with-
in a glass bead or bulb 100 microns (100 u) in
diameter, and having tungsten arcing electrodes
or a straight wire filament 10 microns (10 u) in
diameter which is approximately the diameter
of the smallest tungsten wire or filament made,
thus making. the smallest electric lamp in the
world,

The exclusive features of these pin-head elec-
tric lamps which permit them to be made smaller
than any previously known electric lamps, can
be readily understood by studying Fig. 13 to Fig,
21 inclusive, in contrast with other known meth-
ods of making extremely small electric lamps,
such as the electric incandescent lamp known
as the grain of wheat lamp; therefore this com-
parative explanation. Previously it was pointed
out that the smallness of the pin-head electric
lamnp or bulb is controlled by the minimum size
of the hollow metal wires, whose outside diame-
ter limits the inside diameter of the glass bulb
a8 seen In Fig. 13 and Fig. 14. Here g glass bead
is made by cutting an extremely small diameter
glass tube into short pieces. It is well known
that glass tubes can be made one-tenth milli-
meter (v mm.) outside diameter or even smaller,
by drawing out a heated portion of g larger glass
tube. Such extremely small drawn-out tubing

7

can be etched with a dlamond point as it is ro-
tated in a chucking device at intervals and bro-
ken off to make pieces no longer than the di-
ameter of the tubing; thus making g glass bead
which will just freely slip over the smallest hol-
low metal wire. The entire glass bead is heated
to its fusing temperature at the junction of the
two hollow métal wires and when hermetically
sealed thereto while still in a plastic state the
hollow metsal wires are separated enough to form
the pin-head electric lamp bulb. Now a bulb
made entirely of glass could be made just as small
as this bulb with the holiow metal wires but it
is the practical operations of mounting the elec-
tric lamp light source therein that makes POssi-
ble the difference respectively in each lamp size,
In the pin-head electric lamp no part of the
glass bulb is heated to its melting or plastic tem-
perature once the glass bulb is made because the
light source is inserted through and connected
tc the hollow metal wires and also exhausted,
gas fllled, and finally sealed therehby; whereas in
the grain of wheat lamp, the ends of the glass
bulb must be heated o its melting or plastic tem-
perature to seal in the light source and its leag-
in wires while the lamp is exhausted, gas flled,
and finally sesled air tight. In the grain of
wheat lamp, the difficulty arises to seal in the
lead-in wires without heating the glass bulb to
a point that it will collapse around the light
source; to accomplish this the bulb must be made
50 much larger in proportion to the lead-in wire
size that the glass will fuse to the lead-in wires
before enough heat is conducted to the glass bulb
to cause its collapse. In the grain of whest lamp,

-there must be fwo separate secticns where the

glass bulb is heated to its fusing temperature to
seal in the two lead-in wires and finally seal the
lamp air tight and also a third section between
them where the glass bulb is not heated enocugh
to cause its collapse around the light source; to
this extent are the features which limit the min-
imum size that an electric lamp can be made
by those previously known methods; whereas
with the improvements of this pin-head electric
lamp those type of limiting features do not exist;
therefore the pin-head eleciric lamps can be made
much smaller than any other electric lamps that
are known at the present time. I is also obvious
that these improvements for pin-head electric
lamps can be used to make lamps much larger
than the grain of wheat lamp; however the
methods used to construct the grain of wheat
lamp could not be applied practically to con-
struct a lamp as small as those possible with the
pin-head lamp type of construction similar to
those progressive methods shown in Fig., 13 to
Fig. 21 inclusive except that straight wire fila-
ments or fine wire arcing electrodes are used in
blace of the coiled filaments with lead-in wires
therein.

In all electric lamps the lead-in wires should
extend a sufficient distance beyond the lamp
bulb to permit electrical connections to he made
thereto and those lead-in wires are rightfully
part of the lamp. In a pin-head electric lamp
due to the relative rigidity of the hollow metal
wires enclosing the lead-in wires, their ends can
be cut off after sealing as close to the glass bulb
as is practical, which permits a lamp to be
mounted within a spring clip socket that resemi-
bles a pair of tweezers; thereby further reduc-
ing the actual size of the pin-head electric lamp.

A further object of this invention which has
not been deseribed in my previous inventions but
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still remains an improvement of the hollow metal
wires, is that a wire filament light source can
be inserted through the hollow metal wires into
the lamp bulb even though the glass bulb is
hermetically sealed around the hollow: metal
wires.

The pin-head electric lamps described herein
can be used for surgical electric lamps, flash-
light electric lamps, dental electric lamps, or any
other electric lamp that must be confined to
small spaces; also they can be used within larger
electric lamps that require very small intense
light sources; or they can be connected in a
string like beads and mounted openly or enclosed
within larger lamp bulbs and surrounded by a
vacuum, low pressure gas, high pressure gas, or
any cooling liquid.

Whenever the word ‘“gem” is herein referred
to, it is intended to mean a natural stone that
will either refract, reflect, or permit the trans-
mission of light through it; or any stone manu-
factured by artificial or synthetic means to du-
plicate or imiftate such natural stone; or any
stone reconstructed by fusing natural or arti-
ficially made stones together; or stones known
in the trade as precious or semi-precious stones.
The chief stone which I have had in mind is the
clear white transparent zircon, however other
stones such as quartz, sapphire, diamond, and
many others can be used, which have good opti-
cal qualities, resistant to thermal shock, with-
stand intense heat and are of high mechanical
strength to resist fracture.

Whenever the words “hollow metal wire” or
“quartz” or ‘“glass” or “metallic vapor” or “me-
tallic vapor filament” or “high pressure gas” or
“hermetically sealed” or “final seal” are herein
referred to, they are intended to have the same
meaning as described in one or more of the previ-
ously mentioned patents (2,097,679; 2,137,732;
2,154,542) from which this invention is a contin-
uation.

In view of the preceding description, it is obvi-
ous that the improvements of this invention can
be used to make many more pin-head electric

. lamps and other electric lamps not referred to

50

herein; therefore in anticipation of the manu-
facture of such lamps, it is a .further object to
extend the claims of this invention to include any
electric lamp which uses one or more of the im-
provements described or claimed herein.

One of the chief features of this pin-head elec-

. tric lamp invention is that it introduces a new
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type .of electric lamp construction or method
whereby it is possible to build smaller electric
lamps than can be made by any other known
methods of construction. While it would be pos-
sible but not economieally practical to build large
spherical or tubular lamps as much as one-
hundred millimeters (160 mm.) in diameter or
even larger by using this pin-head type of con-
struction, yet this type or method was developed
especially for lamps that are smaller than any
other known heretofore, and it is upon this type
of construction wherein the real invention for
the pin-head lamp originates; therefore it be-
comes the novelty lamp for such type of con-
struction, whose ideal size would be approxi-
mately two millimeters (2 mm.) outside diameter
and in some cases smaller, and others larger, but
rarely over ten millimeters (10 mm.) outside di-
ameter. Because the ideal size of the lamps is
approximately two millimeters (2 mm.) in di-
ameter, and would compare in size with the head
of a common household or clothing pin, I have

2,222,003

chosen the name of “pin-head” to identify these
small electric lamps and the type of construction
which was developed for their manufacture.

When a pin-head type of electric lamp bulb is
made larger than five millimeters (5 mm.) out-
side diameter, the effect of internal glass strains
increases with disastrous results as the mass of
glass becomes larger; also as the wall of the glass
bulb become thicker, making a slower heat dis-
sipating effect, the larger mass of glass hazard
increases rapidly, especially so when the wattage
of a lamp is made higher for the larger size
bulb. Even with thermal shock resisting glass,
like fused quartz, a high wattage light source
will soon melt or soften the glass to destroy the
bulb if the walls are too thick. For these prin-
cipal reasons the smaller sizes of pin-head elec-
tric lamps are advocated.

When a pin-head type of electric lamp is made
smaller than one millimeter (1 mm.) outside di-
ameter, it approaches a class of one that has
very little practical use at the present time other
than being a mere scientific toy or curiosity. I
have thought and hoped that perhaps some day
in the future, these extremely small pin-head
electric lamps will become a part of scientific
tools, unknown at present, whereby competent
medical doctors and surgeons will use them to
combat diseases, such as parasitic, bacterial, and
virus infection, or retard cancerous prolifera-
tion, or control gangrene by actinic light treat-
ments. Due to the extremely small size to which
the pin-head type of electric lamps can be made,
the surgical instrument using them could be in-
serted directly to the point of infection with an
incision that is not larger than one made by an
average size hypodermic needle; also by the use
of eosin and its derivatives the penetrating ef-
fect of the actinic light can be increased many
fold together with the fact that the electric lamp
would be at the local point of treatment and
would produce what might be called nasent
actinic light. In view of these possible develop-
ments the extremely small pin-head type of elec-
tric lamp may prove to be very useful to man-
kind and there is still much research ahead
for it.

Some of the characteristics of the pin-head
electric lamps, which distinguish them from any

other type of electric lamp, are as follows: due.

to its practical type of construction, the pin-head
electric lamp can be made to smaller dimensions
than any previously known electric lamp; the
complete pin-head electric lamp bulb can be
made without any light source parts therein; a
pin-head electric lamp bulb can be made by
butting the ends of two hollow metal wires to-
gether and by glass fusion, hermetically seal a
glass bead at their junction, which are then
separated a suitable distance while the glass is
still in a plastic state to form the bulb; the light
source parts can be inserted into the pin-head
electric lamp bulb through the hollow metal
wires; through the pin-head electric lamp de-
velopment, a practical way has been found to
utilize gems in making electric lamps whose
light source has a higher intensity in brightness
than any previously known electric lamp, because
natural gems can withstand higher tempera-
tures than glass or fused quartz when enclosing
high pressure metallic vapor; the pin-head elec-
tric lamp bulb can be made with a mechanically
bored hole through it to enclose the light source,
in either a glass bulb or a gem bulb; due to the
small volume of material comprising a pin-head
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electric Jamp bulb smaller than two millimeters
(2 mm.) outside diameter, there will be less in-
ternal strains within the bulb than is encoun-
tered in larger masses of glass; extremely small
pin-head electric- lamps will dissipate their own
heat- faster than larger lamps, just like a small
part or object will cool faster than a large one.

I claim:

1. An electric lamp bulb, consisting of, a gem
having a mechanically bored hole through it to
form a light source enclosure, two hollow metal
wires exiending from said hole in said gem, a
glass bead hermetically sealed to sald gem and
said hollow metal wires enclosing said gem to
form said lamp bulb.

2. A metallic vapor capillary bulb, consisting
of, a gem having a mechanically bored bell-
mouth capillary hole through it to form a metal-
lic vapor capillary hole, two hollow metal wires
fitted into said bell-mouth capillary hole in said
gem, a glass bead hermetically sealed to said gem
and said hollow metal wires to form said capil-
lary bulb.

3. A pin-head electric lamp bulb, consisting of
a gem having a mechanically bored bell-mouthed
hole through it to form a light source enclosure,
two hollow metal wires hermetically sealed in
said bell-mouth hole by glass fusion to form said
lamp bulb. .

4. An electric lamp bulb, consisting of, a gend
having a mechanically bored hole through it to
form a light source enclosure, two hollow metal
wires butted against said gem in axial alignment
with said hole in said gem, a glass bead hermeti-
cally sealed to said gem and said hollow metal
wires by glass fusion to form said lamp bulb.

5. In combination with an electric lamp, the
method of making an electric lamp bulb having a
gem with a mechanically bored hole through it,
said hole being the interspace of said bulb to
envelope the light source of sald lamp, coating
said gem around the edges of said hole with a
film of glass fusing flux, fusing glass to said gem
around the edges of said hole by means of said

48 flux, hermetically sealing two exhaust and gas

filling tubes by glass fusion with the glass around
the edges of said hole, said exhaust and gas fill-

ing tubes connecting with the interspace of said
bulb. : :
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6. In a pin-head electric lamp, the combina-
tion of, two hollow metal wires whose inner ends
are in proximity with each other, an envelope
of light transmitting material being hermetically
sealed around the inner ends of said hollow
metal wires to form a bulb, a light source within
said bulb, said hollow metal wires being a means
to communicate with said light source, lead-in
wires being integral with said hollow metal wires
for said light source, said hollow metal wires af-
fording a means to finally seal said lamp air
tight.

7. A pin-head electric lamp as set out in claim
6, wherein the envelope of light transmitting ma-
terial is a glass bead.

8. A pin-head electric lamp as set out in claim
6, wherein the envelope of light transmitting ma-
terial is a gem.

9. A pin-head electric lamp as set out in claim
6, wherein the space within the bulb is a near
vacuum,

10. A pin-head electric lamp as set out in claim
6, wherein the space within the bulb is filled
with low pressure gas.

11. A pin-head electric lamp as set out in claim
6, wherein the space within the bulb is filled with
high pressure gas.

12, Several pin-head electric lamps intercon-
nected for exhausting and filling as a single unit,
wherein each lamp is as set out in claim 6.

13. A pin-head electric lamp as set out in claim
6, wherein the space within the bulb has va-
porizable metal therein.

14. A pin-head electric lamp as set out in claim
6, wherein the space within the bulb is filled with
an ionizable gas.

15. A pin-head electric lamp as set out in claim
6, wherein the lead-in wires are arcing electrodes.

16. A pin-head electric lamp as set out in claim

6, wherein an electric lamp filament forms the

light source.
17. An intense heat resisting electric lamp

“bulb, consisting of, a gem having a hole through

it, said hole being a cavity to enclose an electric
lamp light source, two hollow metal wires in the

ends of said hole, said hollow metal wires her-

metically sealed to sald gem.

HAROLD SWANSON.
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