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UNITED STATES PATENT OFFICE. 
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To all whom it may concern: 
Be it known that I, FRANK L. O. WADs 

worTH, of Pittsburg, in the county of Alle 
gheny and State of Pennsylvania, have in 
vented a certain new and useful Improve 
ment in Apparatus for Exhausting. Incan 
descent Lamps, of which the following is a 
full, clear, and exact description, reference 
being had to the accompanying draw 
ings, forming part of this specification, in 
which 

Figure 1 is a vertical cross section through 
the center of the apparatus: Fig. 2 is a plan 
view of the top plate thereof; Fig. 3 is a 
plan view of the apparatus as a whole; Figs. 
4, 5 and 6 are sectional elevations showing 
modifications. 
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The general object and purpose of my in 
vention is to increase the rapidity and con 
venience of the operation of exhausting in 
candescent lamp bulbs. 
A further object is to provide apparatus 

by means of which the successive operations 
are performed automatically. 

In the drawing 2 represents the lamp 
bulbs being exhausted;3 represents the table 
or support on which the lamp bulbs and the 
pump connections leading therefrom are 
mounted; 4 is the stand which supports the 
table 3 and on which the table is arranged 
to rotate about the central hollow axis or 
column 5. This stand 4 has on one side a 
vertical column 6 which supports a top table 
7, which is shown in detail in Fig. 2, the 
purpose of which will hereafter be specific 
ally described. 
On the table 3 are mounted a number of 

hollow posts 8, 8, joined at the top by a ring 
- 9 and carrving each a pivotally supported s y Supp 

45 

arm 10, 10, at the outer end of which are 
short vertically adjustable stems 11, 11, 
which serve as supports for the leading-in 
wires of the bulbs 2, 2. These bulbs are pro 
vided with the usual tubulature 12, 12, which 
are inserted in rubber corks 13 in one end 
of U-tubes 14, 14, supported on and rotating 
with the table 3. These U-tubes are pro 
vided, just below the connection with the 
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lamp tubulatures, with two branched tubes 
15, F6, one leading to a central pump cham 
ber 17, at the top of the hollow vertical 
column 5, and the other leading to a second 
central pump chamber 18 which forms part 
of the central opening of the hollow vertical 
column 5. The two branches of the U-tube 

are partially filled with mercury or some 
liquid of high specific gravity, and, in the 
form shown in Fig. 1, the branch tube 16 
passes through the arm of the U-tube remote 
from the lamp connection, this part of the 
tube being formed of a length of tubing 38, 
of rubber or other collapsible material, one 
side of which rests against a knob or pro 
jection 39 on a bar extending from side to 
side of the U-tube just above the rubber tube 
38. In some convenient point of the U-tube 
may be inserted a diaphragm 40 with a nar 
row central opening which serves as a check 
or choke valve to prevent the too rapid pas 
sage of the mercury or other fluid from one 
branch of the U-tube to the other. 
From the pump chamber 17 connection is 

made to a large pump, of the type usually 
used for preliminary exhaustion of lamp 
bulbs, through a tube 19 which passes 
through, and rotates in an air tight mer 
cury or equivalent packing joint 20 at the 
top of the pump chamber 17. Near the 
point of union between these tubes and the 
central pump chamber are valves 35, 35, the 
stems of which pass upward and are sup 
ported by the ring 9 and terminate in han 
dles 36, 36. These valves are normally held 
open by the action of suitably arranged 
springs but may be closed in certain positions 
of the table by cam or cams 37 arranged on 
the lower side of the top table 7 of the ap 
paratus. A second tube 21 passes up through 
the bottom of the hollow axis 5 into the 
pump chamber 18 and serves to connect this 
chamber with a second pump of construc 
tion capable of giving a much higher de 
gree of exhaustion than the first pump which 
is connected to the tube 19. This pump 
chamber 18 and the tube 21 leading into it 
are sealed by a mercury valve of the usual 
construction consisting of a barometric col 
umn of mercury 22 communicating with the 
mercury cistern 23 into which the lower end 
of the hollow column 5 dips and through the 
bottom of which the tube 21 passes to the 
corresponding pump. This system of con 
nections enables the entire table with its 
U-tubes and lamp Supports to be rotated 
easily about the fixed connections leading 
to the pumps without any danger of leakage 
at the rotating joints, the mercury valve 
forming in particular a most perfect vacuum 
joint known, and being at the same time one 
that can be most readily and easily opened 
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for the 'pose of cleaning or repair. On tube connection 38, under the pressure of the 
each of the V'I'tical posts S is mounted a mercury or fluid, which at this time is forced 
Second a 'in 24 which serves to support at 
its outer end a box 25, which is constructed 
in two parts 25, 25 and arranged to close 
around the lamp bulbs 2. On the inside of 
each half of the box are arranged heating 
coils 26, suitably mounted on asbestos, or 
other suitable material, and adapted to raise 
the temperature in the interior of the box 

- surrounding the lamp bulb to any required 
degree. The current for this purpose is in 
troduced into the box by wires 27, the cir 
cuit of which is closed and opened by the 
closing and opening of the box, which wires 
lead to brushes 28,28, mounted on the hub 
of the table 3 and contacting with fixed 
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collecting rings 29, 29, on the opposing face 
of the stand 4. These collecting rings 29, 29, 
are connected with binding posts 30, 30, 
which are in turn connected to any suitable 
electric circuit. The leading-in wires of the 
lamps 2 are similarly connected by wires 31, 
81, to pairs of brushes 32, 39, mounted on 
the ring 9 and contacting with collecting 
rings 33,33, fixed on the lower face of the 
top table 7 and connecting through suitable 
resistances with binding posts 34,34, on the 
same table, Neither of the collecting rings 
29, 29, or 33, 33, are continuous, but are in 
terrupted at suitable intervals; thus the con 
necting rings 29, 29, extend through about 
three-quarters of a complete circle over an 
interval between the positions represented 
by the dotted lines at and b of Fig. 3, 
the collecting rings 33, 33, are likewise in 
terrupted, as shown in plan view in Fig. 2. 
The inner ring of this pair may be contin 
uous from the point a to the point d, but the 
Outer one is divided into segments e, f, g, h, 
each segment insulated from the preceding 
one and connected through successively, di 
minishing resistances e', f, g, h, with a 
common binding post 34. 
In addition to the lamp connections, sup 

ports, and heating boxes, as above described, 
the apparatus may be provided with a sec 
ond series of similar devices adapted to sup 
port and coöperate with a second series of 
lamp bulbs 2', connected with the pumps be 
fore described, through branch elbow con 
nections 14 of the U-tubes 14. This second 
series of bulbs and coöperating devices are 
shown in Fig. 1 and may or may not form a 
part of the complete apparatus as above de 
scribed. 
The operation of the apparatus is as foll 

lows: The operator inserts a lamp bulb 2 at 
any convenient point around the table, say 
for example, at the point indicated by A. 
At this point the connection to both pumps is 
closed, that to the large pump being shut off 
by the action of the cam 37 on the handle 36 
of the valve 35, and that to the small pump 
being closed by the collapse of the rubber 

into and completely fills the inner branch of 
the U-tube, through which this connection 
passes, by the pressure of atmospheric air in 
the front branch of the U where the lamp is 
being inserted. The operator then closes the 
box 25 about the lamp bulb, which closes the 
circuit 27, and revolves the table to the left 
So as to bring the next U-tube connection to 
the point in front of him, inserts another 
lamp and repeats the operation. In the 
meantime the valve handle 36 of the large 
pump connection to the U-tube in which the 
first lamp was inserted has passed the cam 
37, the valve has been mechanically opened 
by the action of its spring, and the large 
pump begins to exhaust the air from the 
bulb and the open space in the front branch 
of the corresponding U-tube. As this ex 
haustion is continued, the pressure in this 
open space is diminished and when it reaches 
a pointless than that corresponding to the 
initial difference in height of the liquid in 
the two branches of the U-tube, the column 
of liquid in the front branch will begin to 
rise and that in the rear branch fall, and, as 
this operation continues, the forward col 
umn of liquid will gradually rise above and 
shut off the opening into the branch tube 15, 
and by this action automatically close off the 
connection to the large pump, the amount of 
liquid in the tube being so regulated that 
this connection is completely closed just be 
fore the time when the large pump has 
reached the limit of its exhaustion. The 
length of the inner branch of the U-tube is 
so regulated, or the position of the rubber 
joint 38 within such tube is so arranged, that 
just at the time the liquid has risen in the 
front braneh of the U enough to shut off the 
large pump connection, as just described, it 
has fallen sufficiently in the inner branch to 
relieve the pressure on the rubber tube con 
nection sufficiently to allow the same to open 
and permit the second pump to automatic 
ally come into operation. As the pumping is 
continued with this second pump, the liquid 
continues to rise in the front branch of the 
U until it finally covers up and shuts off also 
the opening into the branch connection 16 
communicating with this second pump. In 
order to control the position of the lower end 
of the branch tube 16, in relation to the 
branch connection 15, the former is pro 
vided with a threaded nipple at the lower 
end as shown, and by adjusting this nipple, 
the distance between the branch openings 15 
and 16 is so regulated that this second clo 
Sure takes place at the time when the second 
pump has reached its practical limit of ex 
haustion, this limit being either that re 
quired for the final vacuum in the lamp, or 
in other cases that required for such a final 
step of exhaustion as is carried out in a com 
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bined mechanico - chemical system of ex 
haust. 

It will be understood that the successive 
stages of the pumping operation are reached 
for each lamp while the table is being slowly 
rotated, and new lamps continually added 
by the operator at the initial station A. 
While these pumping operations are going 
on, lamp bulbs are also being heated gradu 
ally by the effect of the current passing 
through the collecting rings 29, 29, brushes 
28, 28, and connecting wires 27, 27, into the 
heating coils 26 of the boxes 25 surrounding 
the bulbs, and, by varying the angular posi 
tion and arc of contact of these collecting 
rings, the heating can be carried on or inter 
rupted or varied at will during any desired 
stage or stages of the pumping operation. 
Likewise, through the action of the contact 
rings 33, 33, and the resistance coils e, f', 
(f', h., connected in series with the segments 
thereof, current can be gradually introduced 
and successively increased or varied at will 
through the filament of the lamp, and the 
latter thus gradually “worked up ' and 
finally brought to a high incandescence dur 
ing the final stages of the exhaustion. The 
diameter of the table, or the total number 
of lamps thereon, is so arranged that for 
any given system of mechanical exhaustion 
the operation has been completed by the 
time the table has made one complete revo 
lution and any given lamp has been brought 
again to the station at which it was first 
placed in the apparatus. At this point, if 
the exhaustion has been completed by the 
pumps, the box is opened, the exhausted 
bulb is sealed off with a blowpipe flame in 
the usual manner and the short end of the 
sealed off tubulature removed. When the 
sealed end of the tubulature is removed, the 
pressure of the atmospheric air entering the 
outer arm of the U-tube, depresses the mer 
cury or fluid therein and forces it up into 
the inner arm of the U, thus compressing the 
rubber valve connection 38 already described 
and immediately sealing off the small pump. 
The same operation is automatically carried 
out in the same manner in case any lamp 
breaks at any time during the exhausting 
operation, thus cutting off this particular 
lamp without affecting the operation or ac 
tion on the other lamps on the apparatus. 
If the final exhaustion is completed by a 
chemical process, this last step is likewise 
completed at the station A just before the 

is sealed off. In any case, after seal 
ing off the lamp, and removing the end of 
the tubulature, a new lamp is inserted, and 
the operation continued as before. 

In the modification shown in Fig. 4. the 
form of the collapsible valve joint at 38 is 
changed by bending the portion of the rub 

65 
ber pipe within the U-tube into a V form 

3 

sponding form, and mounting this block on 
an adjustable stem 42 passing through the up 
per end of the inner arm of the U-tube 14. 
This construction enables the point at which 
the tube connection 38 opens and closes un 
der the pressure of the fluid column, to be 
adjusted easily and accurately for liquids of 
different density, without changing the po 
sition of the branch tube 16. This figure 
also shows in greater detail one form of rub 
ber packing joints which may be used to 
form an air tight connection between the 
rubber pipe 38 and the walls of the U-tube 
14. In the form here shown this packing 
consists of tapered soft rubber corks or 
washers 43, 43, which fit over the pipe 38 
and are forced down into their seats and into 
intimate contact with the pipe by means of 
screw plugs 44, 44. 

In the modifications shown in Figs. 5 and 8 
6 the clamp which shuts off the small pump 
is operated electrically instead of mechanic 
ally by the movement of the mercury col 
umn in the U-tube 14. For this purpose I 
seal a pair of contact points 46, 46, into the 
tube at about the same point as that occu 
pied by the collapsible mechanical tube valve 
of Figs. 1 and 4. These points are in cir 
cuit with a battery 47 or other suitable 
source of electrical power and the coils of 
an electromagnet 48. 
The coils of the electromagnet 48, the ar 

mature bar 49 of which is adapted to bear 
against the rubber tube 38 and clamp the 
same against the fixed bar 39 is mounted : 
on the frame-work of the electromagnet. 
When the mercury or other fluid fills the in 
ner branch of the U-tube 14, the contact 
points 46 are covered, the circuit is closed 
through the electromagnet, and the rubbel' 
tube is clamped and closed between the ar 
mature of the latter and the fixed bar 39'. 
In the form shown in Fig. 5 a single coil 
is used on the electromagnet, and when the 
circuit is broken by the recession of the mer- ... 
cury column below the contact points 46, 
the armature of the electromagnet is re 
leased, and falls away from the rubber tube 
38 allowing the same to open and establish 
communication between the lamp bulb and 
the small pump. In the form shown in Fig. 
6 the same result is secured, but in a slightly 
different way, the electromagnet being in 
this case wound with two equal and oppos 
ing circuits connected with independent bat 
teries 47 and 47. The circuit from the bat 
tery 47 is closed through the contact points 
46 in the manner just described, while the 
circuit from the battery 47 is closed con 
tinually through the opposing coil of the 
electromagnet. When both circuits are 
closed, the electromagnet fields are opposed 
and compensatory one to the other, and 
the armature 49 is lifted away from the 

constricting the upper block 39 of a corre- poles by the spring 50 clamping the rubber 
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39'. When the circuit is broken by the fall 
of the mercury column, the field due to the 
lower winding of the electromagnet is de 
stroyed, the field from the opposed upper 
winding comes into action, attracting the 
armature 49 and unclamping and opening 

If desired, a similar 
system of clamping can be applied to the 
branch tube 15 leading to the large pump, 
the contact points 51 for this clamping cir 
cuit being placed correspondingly higher in 
the inner branch of the U-tube 14. In this 
case it will be necessary to unclamp and 
open this tube connection when the opera 
tion is first started, by an external switch 
53 in the circuit of the electromagnet and 
keep this switch open until under the action 
of the large pump, the mercury in the tube 
14 has fallenbelow and uncovered the points 
51. This switch can be opened either by 
hand or by the action of a cam similar to 
that employed at 36, 37, for opening the 
mechanical valve 35. The advantage of em 
ploying this electrical clamp valve in place 
of the mechanical valve 35 is that the large 
as well as the small pump, will be automat 
ically and almost instantly shut off in case 
any particular lamp bulb breaks or atmos 
pheric air is by any other cause admitted 
into the outer pump connections. 
In order to provide ready means for the 

exhaustion of the air from the inner branch 
of the U-tube 14, I provide a secondary 
pump connection 54 entering the upper end 
of the inner arm of the U and communi 
cating with the small pump chamber 18. 
This branch connection can be closed and is 
normally closed by the action of a clamp 55. 
Having thus described my invention, what 

I claim and desire to secure by Letters Pat 
ent is:- 

1. In apparatus for exhausting incandes 
cent lamps, the combination of a fluid pres 
sure column, an air pump connected with 
said column, said column having a socket 
for the reception of the tubulature of an in 
candescent lamp bulb; devices arranged in 
the column adapted to open and close an 
electric circuit, a device for closing connec 
tion between the socket and the air pump, an 
electric circuit connected with the opening 
and closing devices of the column and with 
the devices for closing the connection be 
tween the air pump and the socket; substan tially as specified. 

2. In apparatus for exhausting incandes 
cent lamp bulbs, the combination of a fluid 
pressure column, a device for heating and 
drying incandescent lamp bulbs, means for 
connecting said heating device with the elec 
tric circuit during a predetermined interval, 
an air exhausting device connected with the 
column, and circuit opening and closing de 

tube 38 between itself and the PEig bar 
y 

946,828 

vices arranged in the column and connected 65 
with the electric circuit to control the opera 
tion of said exhausting device; substantially as specified. 

3. In apparatus for exhausting incandes 
cent lamp bulbs, the combination of a fluid 
pressure column, an air exhausting device 
connected with said column and having a 
socket for the reception of the tubulature 
of an incandescent lamp bulb, an electric 
circuit connected with a source of electric 
energy and adapted to be connected with 
the leading-in wires of the incandescent 
lamp bulb, and devices arranged in the col 
umn to vary the strength of the electric 
current through the lamp in successive 
stages at predetermined intervals; substan 
tially as specified. 

4. In apparatus for exhausting incandes 
cent lamp bulbs, the combination of a fluid 
pressure column, an air pump connected 
with the column and with a socket adapted 
to receive the tubulature of an incandescent 
lamp bulb, said socket being connected with 
the column beyond the air pump connection 
so that when the fluid has risen in the col 
umn to a certain point, the connection be 
tween the socket and the air pump shall be interrupted; substantially as specified. 

5. In apparatus for exhausting incandes 
cent lamp bulbs, the combination of a socket 
adapted to receive the tubulature of an in 
candescent lamp bulb, two or more air 
pumps connected with the socket, devices for 
closing the connections between each of the 
air pumps and the socket, a fluid pressure 
column connected with one of the said air 
pumps, an electric circuit connected with a 
source of electric energy and with the de 
vices for opening and closing the connec 
tions between the pumps and the socket, and 
a device arranged in the column and adapt 
ed to open and close the circuit whereby the 
connection of the socket with one of the 
pumps is interrupted and with the other of 
R pumps is opened; substantially as speci 
eO. 

6. In apparatus for exhausting incandes 
cent lamp bulbs, the combination of a fluid 
pressure column, a socket adapted to receive 
the tubulature of a lamp bulb, a heater 
adapted to heat the lamp bulb, two air 
pump connections with the column, an 
electric heating circuit connected with a 
source of electrical energy and with the 
lamp heating device, means to open and 
close the heating circuit at predetermined 
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intervals, a lighting circuit connected withs 
a source of electric energy and adapted to 
be connected with the leading-in wires of 
the lamp bulb, and means to open and close 
R lighting circuit; substantially as speci 
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7. In apparatus for exhausting incandes 
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cent lamp bulbs, the combination of a socket 
adapted to receive the tubulature of a lamp 
bulb, a roughing pump connected with the 
socket, a fluid pressure column connected 
with the socket below the connection with 
the pump whereby when the fluid in the 
column reaches a certain point, it shall close 
the connection between the pump and the 
socket, a finishing air pump connected with 
the Socket, and with said fluid pressure 
above said roughing pump connection 
whereby when the fluid rises in the column 
to a certain point it shall close the connec 
tion between the small pump and the socket; 
Substantially as specified. 

8. In apparatus for exhausting incandes 
cent lamp bulbs, the combination of a socket 
adapted to receive the tubulature of a lamp 
bulb, a roughing pump connected with the 
socket, a fluid pressure column connected 
with the socket below the connection with the 
pump whereby when the fluid in the column 
reaches a certain point, it shall close the con 
nection between the roughing pump and the 
socket, a finishing air pump connected with 
the socket, and with the fluid pressure col 
umn above the roughing pump connection 
whereby when the fluid rises in the column 
to a certain point it shall close the connec 
tion between the finishing pump and the 
socket, a device for closing the connection 
between the roughing pump and the socket, 
a device for opening the connection between 
the Small pump and the socket, a circuit con 
nected with a source of electrical energy and 
with the pump connection opening and clos 
ing devices, and a device arranged in the 
fluid pressure columns and adapted to close 
the circuit; substantially as specified. 

9. In apparatus for exhausting lamp 
bulbs, a movable carrier having a series of 
Supports for Supporting the lamp bulbs, a 
pump chamber connected with the movable 
carrier, means for exhausting the bulbs con 
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nected with said chamber, a liquid seal be-, 
tween the pump chamber and the exhaust 
ing means, and devices for bringing the 
bulbs successively into communication with 
the exhausting devices and controlled by the 
movement of the carrier. 

10. In apparatus for exhausting lamp 
bulbs, a movable carrier having a series of 
supports for supporting the lamp bulbs, 
devices for heating the bulbs, means actu 
ated by the carrier for bringing said de 
vices into operation, and devices controlled 
by the movement of the carrier for exhaust 
ing the bulbs; substantially as specified. 

11. In apparatus for exhausting lamp 
bulbs, a device for exhausting the bulb, a 
device for heating the bulb, means for con 
trolling said heating device, a device for 
bringing the filament to incandescence, and 
a conduit for the flow of a liquid under the 

action of atmospheric pressure, said liquid 
controlling the successive operations of ex 
haustion; substantially as specified. 

12. In apparatus for exhausting lamp 
bulbs, the combination of a U-tube adapted 
to contain a liquid, a socket communicating 
with the U-tube, and an air pump communi 
cating with the U-tube and controlled by 
the flow of said liquid; substantially as 
specified. 

13. In apparatus for exhausting lamp 
bulbs, a heater for heating the lamp bulbs 
comprising a box formed E. hinged sections, 
each section being provided with an electric 
heating device, and means for controlling 
the circuit by the opening and closing of the 
box; substantially as specified. 

14. In apparatus for exhausting lamp 
bulbs, a heating device for heating E. lamp 
bulbs consisting of a box formed of hinged 
Sections adapted to open and close an elec 
tric circuit by the opening and closing of 
the sections, an electric heater contained in 
the box, and an electric circuit leading to 
the heater; substantially as specified. 

15. In apparatus for exhausting lamp 
bulbs, the combination of a tube adapted to 
contain a liquid under pressure, a socket for 
the tubulature of the lamp communicating 
with the tube, an air pump communicating 
with the Socket by means of a conduit pass ing through said tube, and a collapsible por 
tion in the conduit within said tube; sub 
stantially as specified. 

16. In apparatus for exhausting lamp 
bulbs, the combination of a socket for the 
tubulature of the lamps, an air pump com 
municating with the socket, a tube adapted 
to contain fluid under pressure, a collapsi 
ble tube in the conduit leading from the 
socket to the pump, a clamp for compress 
ing the collapsible tube, and devices con 
nected with the fluid pressure tube and 
adapted to operate the clamp when a certain 
pressure shall have been established in 
the fluid pressure tube; substantially as 
specified. 

17. In apparatus for exhausting lamp 
bulbs, a movable carrier having a series of 
sockets adapted to receive the tubulatures of 
lamp bulbs and an electric circuit adapted to 
be connected with the leading-in wires, a 
pump chamber adapted to communicate with 
the series of sockets and controlled by the 
movable carrier, and a tube leading from the 
pump chamber to the air-pump; substan 
tially as specified. 

18. In apparatus for exhausting lamp 
bulbs, a movable carrier having a series of 
Sockets adapted to receive the tubulature of 
a lamp bulb, a series of heating devices 
adapted to heat the lamp bulbs after the 
tubulature has been inserted in the sockets, 
and electric circuits adapted to generate heat 
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in the heating devices controlled by the 
movement of the carrier; substantially as 
specified. 

19. In apparatus for exhausting lamp 
bulbs, a movable carrier having a series of 
sockets adapted to receive the tubulatures of 
lamp bulbs, an electric circuit adapted to be 
connected with the leading-in wires, a pump 
chamber communicating with the series of 
lamp sockets and connected with the mov 
able carrier, a tube leading from the pump 
chamber to a primary or roughing air pump, 
a secondary pump chamber connected with 
the movable carrier and communicating with 
the series of sockets, a tube leading from the 
secondary pump chamber to a secondary or 
fining pimp, and devices for automatically 
closing connection between the primary 
pump and the sockets, and opening commu 
nication between the secondary pump and 
the sockets; substantially as specified. 

20. In apparatus for exhausting lamp 
bulbs, a movable carrier having a series of 
sockets adapted to receive the tubulatures 
of lamp bulbs, an electric circuit havin 
branches of different resistance adapted to 
be connected successively with the leading in 
wires and controlled by the movement of the 
carrier, a pump chamber communicating 
with a series of lamp sockets and connected 
with the movable carrier, a tube leading 
from the pump, chamber to the air-pump, 
and a liquid seal between said tube and the 
pump chamber; substantially as specified. 

21. In apparatus for exhausting lamp 
bulbs, a movable carrier having a series of 
sockets adapted to receive the tubulatures of 
lamp bulbs, an electric circuit adapted to be 
connected with the leading-in wires, a pump 
chamber communicating with the series of 
sockets and connected with the movable car 
rier, a tube leading from the pump chamber 
to a primary or roughing air-pump, a sec 
ondary pump chamber connected with the 
movable carrier and communicating with the 
series of sockets, a tube leading from the 
secondary pump chamber to a secondary or 
finishing pump, devices for closing connec 
tion between the primary pump and the 
sockets and opening communication between 
the secondary pump and sockets, and an 
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electric circuit for communicating power to 
these opening and closing devices; substan tially as specified. 

22. In apparatus for exhausting lamp 
bulbs, a movable carrier having a series of 
sockets communicating with an air-pump 
and adapted to receive the tubulatures of 
lamp bulbs, in combination with electric 
heating devices for heating the bulbs, elec 
tric circuits leading to the heating devices, 
and a device for supplying current from the 
terminals on the fixed stand of the appa 
ratus during predetermined intervals, to the 
circuit on the movable carrier; substantially as specified. 

23. In apparatus for exhausting lamp 
bulbs, the combination of a fluid pressure 
tube adapted to contain liquid, a socket for 
the reception of the tubulatures of lamp 
bulbs, a primary or roughing pump and a 
secondary or fining pump communicating 
with the fluid pressure tube adjacent to the 
socket, a device for opening communication 
between the secondary pump and the fluid 
pressure tube, electric circuit for communi 
cating power to the opening device, and con 
tact points arranged in the fluid pressure 
tube adapted to make or break the electric 
circuit; substantially as specified. 

24. In apparatus for exhausting lamp 
bulbs, the combination of a fluid pressure 
tube adapted to contain liquid, a socket for 
the reception of the tubulatures of lamp 
bulbs, a primary or roughing pump con 
municating with the fluid pressure tube ad 
jacent to the socket, a device for opening 
communication between the secondary pump 
and the fluid pressure tube, and a device for 
closing communication between the primary 
pump and the fluid pressure tube, electric 
circuits for communicating power to the 
opening and closing devices and contact 
points arranged in the fluid pressure tube 
adapted to make or break the electric cir 
cuits; substantially as specified. 

In testimony whereof, I have hereunto set 
my hand. 

FRANK L. O. WADSWORTH. 
Witnesses: 

JAMES R. BAKEWELL, 
C. E. EGGERs. 
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