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The Frenklin Institute of the State of Pennsylvanie, scting through
ite Committee on Sclence and the irts, investigating the Coolidge Tube, invented
bty Doctor ¥illiam D. Coolidge, of Scheneotady, Bew York, reporte ss follows:

The X-Ray Tube which is the subject of thie report was devised
by Doctor ¥, D. Coolidge of the Research Laboratory, of the General Electric
Compsny, &t Schenectzdy, New York.

In an srticle on '?ﬂ Powerful Rontgen Ray Tuber _publi_ﬂhed in the
"Pbyeical Review" for December, 1918, Doctor Coolidge describes this tube ss
follows: :

"The structural features of the new tube which diff.er from those
of the ordinary type are the following:

"IThe pressure, instead of being, as in the ordinary tube, & few
ﬁicrone, ie a8 low a8 it has been poesitle to mske it, that is, not more than
& few hundredths of 2 microm.

*The cathode consists of = body which csn be electrically heated
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{suck as & tungoten or tentelum filswent) and, suitably locsted with reference
to thie portion, an eleectrically conducting ring or oylinder, consi st‘in-g. preo-
ferably of molybdenum or tungsbten or other refractory metal. The ring or
eylinder is connected either to the heated portion of the cathode or to an ex-
ternel source of current by meens of which ite potential mey be brought to sny
desgired value with respect to the hested portion. The hested portion of the
enthode serves as the source of slectrons, while the ring or cylinder asaists
in 8o shaping the electriocal field in the nelghborbosd of the catbods that the
desired degree of fooussing of the cathode-ray siresm upon the target shall
result.

"The asnticathode, or target, functiome al the same-_..t,iam ss snode.

"The operation is sstisfactory only when the vacuum i1s exceedingly
igh, so M gh that the ordinary tube would earry no current even om 100,000
7alta.

"As will be seen from the oharscteristics of the tube, it glves,
in operation, no evidence of positive ions. This mskes the theory of its
operation exceedingly elmple. .

"The discharge appears to be purely thermionic in cherscter,
*Tre rate of emiesion o.f‘ electrons from the filament appesrs to
be in secord with Richardson’s Law, skich saye that the maximua tﬁasr;ﬁiani¢
current, which can be draswn from a hot filament is pi
1 =g /Te %
where T is the sbsolute temperature, & is the base of the netural system of
logarithms, snd a and b are constanta.

*In the particular tube described in detail im this paper, this
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sipple law sceounte perfectly for the conductivity of the tube. With atill}

bigher temperstures, however, the discharge currents weuld be found to in-
oresee at & zuch slower rete then thet required by the zbove law, .. Sevrens

"This deecriptior reletes to tube No. 147 which wse used in
getting the data for the following tables., Plate I stowes = comprlete assenbly
of the tutbe,

*Iﬁ the disgrem, 25 is e tungeten filawent in the shape of a flat,
cleosely wound epiral. It conelste of s wire 0.218 mn. ip dismeter snd %3.4
mm. long with 6 1/2 eonvolutions, the outersost of whioh bae & diameter of 2.5
mm. It fe electrically welded to the ends of tvo heavy molybdenum wires 14
and 15, to the other ewtremities of which sre welded the two copper wires 18
sod 17. These in turn are welded to the platinum wires 18 end 19. The molyb-
denum wires ere ssaled directly into & piece of spacisl glass, 12, which hae
esgentially the eeme temporsture soefficient of expsnsion ss molytdenusm. This
firet sesl is elmoly to imeure 2 rigid support for the hot filament, the outer
seal baing the one relied unon for vecuum tightnese. The outer end, 13, of
the support tubs i{s of German glass like the bulb itself, and it 18 therefore
neceeeary to interpose st 8 a series of intermediate glssses to tske cars of the
difference in expsnsion coefficients between 12 and 1%, The small gless tube £
20 prevents sbort-ocircuiting of the eopper wires, 18 and 17.

*The filement is hested by currsnt from a smsll storsge battery
which is, electricelly, well insulsted from the ground,

"In the circuit are placsd an mata-} and en adjustable rheostet

and, by mesns of the latter, the filament current can be regulated, by very fine

steps, from § to § amperes. Over this current range, ths p@imﬁal. drep through
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the filament varies from 1.8 to 4.6 volts and the filsment tempersture from
1890 to 2540 degrees sbsolute.

"The focusing device consiets of & cylindrical tube of molyb-
denum 21. It is 6.% mm. inside dismeter and is mounted so as to bte concentric
with the tungsten filsment, and so that its inner end projects 1.0 am. beyond
the plane of the latter. It {8 supported by the two stout molyhdenum wires
22 snd 23, which are sealed into the end of the glase tube, 12. It is motal-
lieally connected to one of the filament leads, st 24.

. "Besides scting se s focusing device, it aleo prevents any die~-
charge from the beck of the heated portion of the cathode, |

"The anticathode or target 2, which slec serves as Me, con-—
slpts of 2 single piece of wrought tungeten, having at the end f‘s.eiag- the cathode
a diameter of 1.9 om. By means of s molyhdenum wire 5, it ie firmly bound to
the molybdenum support €. This support is made up of a rectangulsr strip sand,
riveted to this, three split ringe 11, 11, 11, sll of molybdenum. The split

rings fit snugly in the glass anode srm 7. They eerve the doulble purpoee of

properly supporting the snode end of conducting hest swsy from the r'estangular

strip and so preventing too much heat flow to the sesl of the lead-in-wire @,

"The bulb {8 of Germsn glase snd atout 18 cm. in dismeter.

"The exhsust ie as thorough as poseible.

"For the earlier tubes, mercury pumps wers used, with _,&.:l.iquid-—
air trap between tube end pump to eliminste meroury vspor. The whole tube,
while connected to the pump, was in an oven and wss heated at intervsls to 470°
C. Between hesting operstions the tube wee opersted sith as heavy discharpe

ecurrents aa the conditions of its vacuum would permit. For hours the tube
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wonld show the charscteristios of s»n ordipery Rontgen tube, and in mny cases &
seversl daye' aspplicatiocn of ths above trestasnt wee requirsd to entirely elismi~
nete these charscteristics snd to realize sn sesentially pure electron dissharge.

*fhe exhsust time baec been greatly redeced in two waye. The
massive tungsten anode is ziven a preliminary firing to 4 very bigb temperuture
in & tungeten-tubs vacuum furnsce. The wolyhdenum support is slao fired, to a
somewhat lower temperature, in the seme manner. In tha second plsce, a Goede
polecular pump hes been substituted for the mercury pumpe and, et the seme time,
a very large snd ehort connection hae been sdopted between tube and pump.

"Ir the later stages of the exheust & very heavy discharge current
ie maintained continuously on the tube for perbaps sp hour, the temperature of
the tulb being kept from rising too bigh by the use of e fan, |

"The pressure in the finished tu.be_ is very low, certsinly not
more then & few hundredths of = micron snd probebly much lees than that.

"The tube wes conneoted sz shown in the disgram of P_lzgt-e I1 in
which, T i{s the tube; B is = emsll storsge bettery; & is ap mete_r;;_ﬁ ie sn
adjustetle rheostst which csn be controlled frem bekind the lesd #a:&m which
shields the operetor from the Réntgen raye; 8 ie-/'gg_'gajastet&e spm zap vith

pointed electrodes, which cen slso be operated from behind the lead

sorsen; and
B -i'g- e si}.iiwgara_-aaeter wkich esn b8 read from beﬁ?d. the asrem_.;_’-___f_"_- ‘-

"As the M gh potentisl is connected to the ha-tteryfé- %iﬁ;f@ﬁit it is
necessary that the latter ehall be thoroughly ineulsted from the g&@gad.

*ig & bigh potential source, s 10 K.¥. Snock mackine ..........
wss used., This consiste of & rotary converter driven from the direct surrent

end snd delivering elternating current st 150 volts snd 60 cycles per second to
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a closed magnetic ol rouit step-up transformer with oil imsuletion. From the

secondsry of this transformer the bhigh voltage current ie passsd through e
mechanical rectifyling switch (which ie direct-connected to the shaft of the
rotary) and the milliampere-meter ¥, to the tube. The output of the trane-
former is controlled by & variable resistance in the primsry.

"Throughout thece expsriments a fan was kept Howing on ibe tube.
Without this fan, the ges precsures in the tube would be slightly higher, and
the discharge currente would bte in consequence slighbtly lower.® '

The fundementel United States Patent on the Coolidge Tute,
Ho. 1,208,495, was iseued to Doctor ﬁmliégé on October 21, 1916.7 In connec-
tion with the epecifications, mention is made of me of the disaéf#ﬁa.ﬁagea
attending the use of the gas tubes of the prior ert. Among these Eiﬂ.é‘#y- '
rentioned the following: The pressure of the gas in the tube is va,ﬁgi:le and any
change in gae pressure changes the resistance and tha penetrating gaﬁar of- the
rays; the changes in gss pressure increasse with uge snd finelly rméer‘tx_m tube
ueeless; many of the positive lons strike thke tube wall Instead of t-ﬁg cathode
caueing disintegration and crscking of the tube; many tubes of the ;&ier art
stow a varistle locstion of the focal spot end hence do not giva. aweléarly dem
fined picture on the screen; the speed of eome of the electrons coming from tte
cathode %o the terget is reduecsd by impact with gee molecules mdthia. cuuges B
leck of uniformity in the penetrating power of the x-rays; secnnda.:jy cathods
rays from the anticsthode, bombard the anterior hemisphere of the tube and pro-
dacg secondary x-reye from the glase, Hlurring the picture on the screen, and
cars gmmt be taken that there is no reversal in the applied electromotive force

such as to make the target function z& cathode since this lesds to changes in gas
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pressure.

Thirty-three cleims are sllowed in thie petent, the third resding:

"in electirical vacuum discharze tube, comprising an en-
velop, sooperating electrodes, st least part of one of
which {s sdapted to be maintained st Incsndescence, the
vacuum within sald envelop being so high that evidences of
positive ionization are substentielly sbeent during opera-
tion and mesns for foousing the dfischarge.n
£ modificution of the original Coolidge Tube is shown in Plste IiI
in which the upper figure is that of the entire -ﬁu?«e and ip the lower figure
the detells of ths cathode are shown. tis is known as the ﬁa&iéﬁér tabe, so
pamed from the cooper radistor, shown at the right of the upper figure. The
purpose of this radiator is sc to reduce the tempersturs of the target by con-
duction through the ccoper red supporting it, that its tempersture will be sl-
ways lower then that of the cmthode. By this means the current 5;5 always in
one direction snd the tube can be used across the terminale of & ﬁigh tension
traveformer without the use of a rectifying device. The rapid sfthdrawsl of
heat from the target prevents the hesting of the glase bulb of the tube and
hence the tulb of this tube ie much saaller then in opme without the rsdi stor.
The following aie some charecteristics of the tube. Unlees the
filament 1& hested there is no conductivity in either direotion and no current
w{1l pesss, even on the eppliostion of very bigh voltage. It is a unidirectional
tube, no current pessing except wﬁg:; the kot filsment ts the cathode, The
smount of current passing through the filament, hence ite temperature, deter-
wines the smount of the current discharge. The penatrating power of the rays
is determined by the voltsge soross the tube terminals; the foosl spot ig fixed

in position and continuous operstion is possible sithout = change of charscteri stiocs.
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In consideration of the originality end ingenuity shown in the
development of & vecuum tabe that hee simpilified and reveolutionized $te produc—
tion of x-reys, THE FPRARXLIB INETITUTE swerde i1te FOBARD B, POTTE BEDAL to

Loctor ¥i1lism D. Coclidge, of Schesectady, Bew Tork.

L e e e e
President
: A
i e
Mﬁ<% G
R R R O e I
Secretary

A A A ’;{g (f’é,;’

e w .. S iy e SRRSO A SR |
Chairman of Committes on Science
and the Arts.
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3. & A, Casge o, re53
Uoolddea lubte, Plate 1.

PLATE I.

lj———

b by Unee Nos 2853

Gonlidee Tube, Plate II.

PLATE II.
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S. & A, Cese No. 2853
14 Coolidze Tube, Plate IIT.

PLATE III.
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