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To «ll wiom it nayy CONCET . ,
De it known that I, HENRY LYMAN SAYEN,
a citizen of the United States, residing in the
city and county of Philadelphia, State of
5 Pennsylvania, have invented a new and use-
~ ful Improvement in High-Vacuum or Roent-
gen-Ray Tubes, which improvement is fully
set forth in the following specification and
accompanying drawings. -
to  Myinvention relates to high-vacuum tubes
more especially used for the generation of X-
rays, (Roentgen rays;) and it consists of a
novel method of providing the same with an
automatic and rapid adjustment for the pres-
15 sure of the gas therein.
It further consists of novel details of con-

struction, all as will be hereinafter fully set

forth, and pointed out in the accompanying
claims. -

As is well known to those skilled in the
art, the gas in ‘a high-vacuum tube, being
- rarefied to such a high degree, is ordinarily

20

In a very unstable condition as regards pres- |

sure. Continuous use of a tube seems to de-
25 crease the pressure of the gas therein, so that
in time it is impossible to get any current
through the tube at all, since the conductivity
of gases at these low pressuresdecreases with
the pressure. Itisalsoknown thatthe lower
the pressure is in a tube the greater is the
penetrability of the light generated, where-
fromit will be seen that itis essential to have

30

~_atubein which the pressure of the gas therein

can bealtered at will and stay where first put.

35 Forinstance, in an X-ray picture of the hand
contrast between bone and flesh is muech bet-
ter when the pressure of the gas is greater,
while in locating foreign metallic bodies in
the trunk itis desirable to have greater pene-
tration and consequently less pressure. o
overcome the difficulties hereinbefore stated,
tubes have been constructed with a bulb con-
nected with the main tube and containing
~ potassic hydrate or other similar material
45 which is capable of giving off gas on heating
~and the regunlation effected by means of a
spirit-lamp placed under the bulb. It ‘has

40

further been suggested to use a resistance-

coil around the aforesaid bulb, obtaining the
50 necessary heat by an auxiliary current pass-

ing throughthe coil. Intheseformsof tubes

regulation not only lacks automatie action,
but is exceedingly difficult, for the following
reasons: |

- First. Experimant has shown that the ma- 55
terial inthe bulbmust be usedin a verysmall
quantity in order that it will be possible to

‘manipulate the auxiliarysource of heat to of-

fect the desired change in pressure. This
small amount of material is incapable of ab- 6o |
sorbing the gas given off from the main tubein
case of its getting hotfrom excessive current,
and the conductivity of the main tube in-
creases, allowing it to absorb more and more
current until disastrous resultsare produced. 65
Second. Itisalmostimpossible to keep the
pressure of‘ the gas constant, and, as a very
small change in pressure makes considerabic
difference in the penetrability of the X-rays,

. consequently an exceedingly minute change 7o

in temperature is often more than necessary
to produce the desired result.

Figure 1 represents a vertical sectional
view of a Roentgen-ray or high-vacuumtube
having attached thereto my improved device 75
for automatically adjusting the pressure of
the gas therein. Figs. 2 and 3 represent side
elevations of modified embodiments of the

- principle of my invention.

- Similar letters of reference indicate corre- 8o
sponding parts in the figures.
Referring to the drawings, A designates &

high-vacuum X-ray or Roentgen-ray tube,

which is, except as hereinafter specified, of

“the usual eonstruction, said tube having the 83

high-vacuwm chamber B and the conductor
C leading into a portion thereof and com-
municating with the conduector D, to which
the electrode F, of aluminium orsimilar ma-
terial, is attached. o
Grdesignatestheotherelec trode,of platinuin
orsimilar material, which has the conductar II

00

leading thereto,said conductor beingattached

to the conductor &, which extends to the ex-
terior of the tube, said conductor L having ¢s
the conductor N attached thereto exteriorliy
of the tube. The conductor N has a branch
N leading into the extension P, which lat-
ter opens into the vacuum-chamber Q.

R designates a chamber, bulb, or pocket 1o
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which acts as a gas-producing means and eX-
tends into the chamber Q, though out of com-
munication therewith, and is filled with po-
tassic hydrate or other suitable material S,

said buib opening into the passage T, which

latter communicates with the high-vacuum
chamber D. |

It will of course be evident that it is not
always necessary to have material in the
chamber R, as the mere heating of the said
bulb will effect the vacuum and secure the
desired result, it ‘being further noted that
the chamber R may open directly into the
vacuum-chamber I3 without the use of the
passage L. |
U designates a plate or electrode, of alu-
minium or similar material, located in the
chamber Q and having a conductor Y lead-

ing therefrom, said conductor having an ex-

tension X leading to the clip or support Y.

7, designates a conduetor provided with the
terminal 7%’ and which is pivotally attached
to the clip Y, which is suitably supported, so
that ihe distance between said conductor Z

.and the terminal or branch A’ of the con-

ductor C can be varied as desired.

The function of electrode U in vacuum-
chamber Q is to heat the chamber IR by mo-
lecular bombardment should the current take
the ecireuit Z2' Z V Q N’ N.

The main tube A is exhausted through the
nipple P’ to the highest vacuum obtdinable
with & mercury-pump, during which opera-
tion the chamber R is kept warm by the cur-
rent from a small induction-coil, which is con-
nected therewith,the current passing through
the cireuit X V Q N’ A3, the chamber () hav-
ing been previously exhausted the desired
amount through the nipple I’%. Aftersealing
off from the pump the chamber R is allowed
to cool. |

The operation is as follows: Cis connected
to the negative pole of the induction-coil or
other suitable source of current and A® to the
positive pole. The resistance of the chan-
ber I3 to the current is practically infinite,
and the current jumps across the gap A’ 7,
taking the path of the cirenit Z'ZV Q N'N.
This heats R, causing it to emit gas through
the passage T into the chamber I; until the
pressure of gas therein 1is sufficiently in-
creased or the vacuum reduced, so as to al-
low the current to take the path through the
main tube I3 in preference to jumping across

the spark-gap A’ 7. Immediately then R

cools and reabsorbs the gas, and the current

jumps again from A’ to 7’ because of the de-

creased conductivity of tube I3. It will be
seen, therefore, that there will be an inter-
mittent current through chamber Q, due to
minute fAuctuations in the pressure in I,
serving to keep R at the desired temperature.
If the distance from A’ to Z’ be increased,
the resultant pressurc in I3 will be less be-

cause of the increased resistance of the cir-
cuit A' 7' Z, &c.

Neither of the objections hereinbefore men-
tioned is inherent to my form of tube, be-

cause owing to this immediate regulation it
is possible to use more potash S in the bulb

R, and when the cyrrent used with my tube

is axcessive the extra gas evolved is absorbed
by S, which cools immediately-on the lower-

ing of the pressure in the tube. The limit
then .of a tube equipped in accordance with
my invention is the melting - point of the
platinuin-plate, and il we provide means for
getting rid of the heat by conduction or other-
wise and immerse the tube in oil to prevent
sparks from puncturing the tube we have
practically no limit to the amount of current
which can be used,and consequenily no limit
to the light produced. - | o -
It will thus be seen from the foregoing that

by my invention positive means are provided

<o that when the conductivity of the tube de-
creases, due to.an inercase of vacaum, inore
current takes the path of the shunt-cireult
and sends gas into the tube, or vice versa,
and it will be evident that I need not neces-

sarily be limited in every instance to the ex-
1 aet means which I have shown and described

in the presentinstance, butreserve to myself
the right to make such changes as will come
within the spirit of my invention.

In Figs. 2 and 3 I show modifications of the
principle of my invention, the tube B’ in

Fig. 2 having a high-vacuum chamber ¥ and’

iiie electrodes E' G’ therein, the latter being
connected by means of the condnetors D' I,

respectively, with the conductors c'J. L

designates a tube loeated adjacent the tube
13 and filled with potash or similar material,
said tube I being supported from the tube
B’ by means of the neck L2 M’ designates
a resistance-coil wound around the tube L’
and having a branch K'leadipg to the con-
ductor J', the upper portion of said resist-

ance-coil having a branch N’ defiected to-

ward, but disconnected from, the branch N%,
and the latter being connected with the con-
ductor C'.

In the construction seen in Fig. 3 the high-
vacuum tube and its adjuncts are substan-
tially the sameasin Fig. 2, thetube L/ contain-
ing potassic hydrate orother suitable material
and being supported by the neck L*from the
tube I3’ and being provided with a conductor
A2 the latter having a Lranch deflected to-
ward, but disconnected froni, the conductor
N2, while the lower econductor 3% is conneceted
with the econdactor A* and has a branch D3,
which leads to the conductor J'. Thereis an
annularchamber Y’ around the tube L',which
is partially exhausted of gas, so that the eur-
rent in taking the path of the eircuit C° A°
132 D2 J' heats the tube L/, duc to the resist-
ance of the gas to the current.

I donot desire to limit myself to the usc of
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my method and apparatus in connection with 130

X-ray or Roehtgen-ray tubes, but may use
the same with any vacuum tubes or bulbs.
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- Having thus described my invention, what
- I claim as new, and desire to secure by Let-
ters Patent, is— |
- 1. As a meaus for varying the pressure in
5 & high-vacuum tube, a main circuit for op-
~erating the tube and a shunt-circuit for vary-
~ ing the pressure. '
- 2. Incombination with ahigh-vacuuin tube,
ashunt-circuitarranged in proximity thereto,
o means connected with the above and set into
operation by the current in the shunt-circuit
to cause gas to enter said tube, and means for
varying the pressure in the shunt-circuif.
- 3. The combination with a high-vacuum
5 tube of a shunt-circuit arranged in proximity
‘thereto, and means connected with the above
and set into operation by the current in the
shunt-cireunif to cause gas to enter said tube.
4. Incombination with a high-vacunum tube,
o a vacuum-chamber, a bulb containing potas-
sic hydrate or othersuitable material located
therein, but out of communiecation therewith,
a passage leading from said brilb to said high-

vacuumn. tube, and a shunt-circuit arranged

in proximity to said bulb.

o. Incombination with ahigh-vacunmtube,
a passage T leading therefrom, a bulb R con-
taining potassie hydrate or othersuitable ma-
terial & therein, in eommunication with. said
o passage T, a vacuum-chamber ), having an
extension I’, in which the conductor N’ is lo-
cated, a conduetor V, having an clectrode U

ri

attached thereto, and disconnected from said
conductor N', and a conductor Z in proximity -
to but disconnected from the terminal A'. 35

6. A device for varying the pressure of a
high-vacuum tube, consisting of the passage
T, the bulb R in communication therewith,
and containing potassic hydrate or other suit-
able material, a vacuum-chamber adjacent o
and disconnected from said bulb, said cham-
ber having an extension I in which the con-
ductor N’ is located, a conductor V also lo-
cated in said chamber and having a plate U
attached thereto and a conductor Z in coni- 45
munieation with said conductor V, and in
proximity to but disconnected from the main
circuit.

7. In combination with a high-vacuum tube,
a passage T leading therefrom, a bulb R con-

10

50

'taining potassic hydrate or other suitable ma-

terial S therein, in communication with said
passage T, a vacuum-chamber Q, having an
extension P, in which the conductor N'is lo-
cated, a conductor V having an electrode U 55
attached thereto, and disconnected from said
conductor N', and a conductor Z suitably
supported, so that the same may be moved

toward or away from the terminal A’

HENRY LYMAN SAYEN.

VWitnesses: |
~JoiiN A. WIEDERSHEIM,
W, C. WIEDERSHEIM.



Disclaimer in Letters Patent No. 594,036
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DISCLAIMER.

594,036.— Henry Lyman Sayen, Philadelphia, Pa. RoENTGEN-RAY Tunes. Patent dated
November 23, 1897. Disclaimer filed April 29, 1908, by the assignee, Queen and
" Company.
Enters this disclaimer—

“To that part of the claim in said specification which 18 in the follewing words, to
wit:

1. As a means for varying the pressure in a high-vacuum tube, a main circuit for
operating the tube and a shunt-circuit for varying the pressure.’’—{ Official Gazelle,
May 6, 1908.] |
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