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 This - invention relates generally to vacuum |

-tube current amplifiers and more partmulerly
to such amplifiers using electron trapping and
_cumule,twe gas ionization. . .

~In the copending U. S. application Serial No.
-49 '?36 filed September 17, 1948, is disclosed and
claimed the methods of and means for the gen-

‘eration of le.rge conduction currents by the ion-

ization of the medium within a vacuum tube by

increasing the lengths of the paths of electrons :«

‘emitted initially by a radioactive source, and
secondary electrons - emitted from g, bemberded

2

____Flgure 6 is e schematlc diagram of a mod1ﬂca-
‘tion of the tube of the invention in which. the
.eellecter electrode is p051t1oned unsymmetrical’
_.,.engthmse along the axis of the tube and dis-

placed axially the tube as to the source of elec-

| ‘trons; Figure 7 is a schematic diagram of a modi-

.electrode, ‘beyond the mean free path for col-

;llsiens with the molecules of medium. This in-

“¢rease in lengths of the electrons is accomplished

by applying a magnetic fleld to the medium:
‘whereby the electrons are deflected in their paths
and pass by or-are cut off from striking the col-

lector electrode. ThlS phenemenen is defined as
“trappmg,” that is the electrons are trapped In

‘their movements W1th1n the medium as they are
reflected successively by the outer electrode. The
‘effect of this trapping is that the. paths of the
electrons are lengthened beyond the mean free
path for collision with molecules of the medlurn
and ionization of the medium occurs, mth at-
tending large conduction currents. =

- .Among the objects of the invention are to pro-
vide improved methods of and means for amph-
fying electrical currents.

Another objective is to provide 1mpr0ved meth- |

ods of and means for controlling secondary radi-
ation of electron from bombarded elements in a
current amplifier tube.

Another object is to provide. lmproved meth-
ods of and means for lengthening. the paths of
free electrons within a gas filled tube to efiect
increased ionization of the gas within the tube.

Other objectives W111 be apparent from the de-
seription of the invention as hereinafter set forth
in detail and from the drawmgs made a part
| hereof in which F1gure 1 is a sketch in vertical
cross-section of one form of a tube of the in-
“vention: Fig. la is a cross-sectional view of the
“device of Pig. 1 taken -along the section line fa—

of another tube in the invention: Figure 3 is an
“enlarged view: of a portlen of the tube of Figure 2
‘taken on line 3—3 of Figure 2: Figure 4 is a
”schematm diagram of- the tube of the invention
‘and the path of a free electren under the in-
fluence of a magnetic field, but without- collision

oK

s
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of the electron with- the..gas molecules within

.the tube; Figure 9. is a schematic diagram of the
j .tube of the invention and associated clrcmts

86

‘fication of the tube of the invention in which
‘the collector electrode is pos:ltm:ned eccentric to
‘the. ems of the tube: Figure 8 is a schematic dia-

gram in horizontal cross-section of the tube of

the invention 1llustra,t1ng the method of end
“mneans for establishing an electric potential re-

flection zone within the tube and the path of a

free eleebren under the influence of a magnetic

field, but without collision of the electron with
the molecules of the gas within the tube; Fig-

ure 91is a seneme,tlc diagram of the tube of the

lﬂVEI’lthIl and an associated control circuit

wherein tube end plates are utilized: and Fig-
ure 10 is a seheme,tle diagram in horizontal cross-

section of a tube of the invention including a
suppressor grid for secondary electrons.

~ Similar reference characters are applied to
similar elements throughout the drawings.

The mventmn will be first described by refer-

‘ence to Figure 1, which represents g tube of the

invention adapted particularly to. the study and

"observation of the phenomenon of electron trap-

ping and cumulative gas ionization, upon which

‘phenomenon the invention is based.

In Figure 1, numeral | represents the cathode

_filament. which is supported in the axis of the
énvelope of the evacuated tube 2 by sections. of
“heavy wire or light rods 3.
45 taut by spring 4. Axially ot the tube 2, is mount-

" ed accelerator and coilector cylinder 5, suitably
‘supported by braces 6 whlch act as electrle ter-
‘minals for colléctor 5.
:_ m1dseet1en of collector 5 and opposite cathode |

40 “are holes 1.

Cathode | is kept

‘At approximately the

In prectlce these holes are e,beut
0.040 inch in diameter and, in the tube shown, are

four in numbper. Axially of the tube 2 and spaced
‘near the side walls of the envelope 2 is mounted
‘the cylinder electrode 8, suitably supported by |

45 -
. {a: Figure 2 is a sketch in vertical cross-section -

brace 9 and wires 10, the latter acting as the
eleetne termma,ls of eleetrocle 8. The tube 2 is

‘gas filled end at a, pressure of 103 to 1 10—4 mm
" ef mercury.

In this Spemﬁeetmn and the appended elaims

"ﬁlement { will be referred to as a “eoncentreted”

filament, which is defined as a section of a con- f

ventional tube filament material the length of
'which is short relative to the length of the asso-
clated electrodes.
lengths, Figures 1 and 2 represent full scale

As examples of such relative
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sketches of two ftubes embodying the invention.
The ratios of the lengths of the filaments | to
its associated electrodes 5 and 8 are 1:10 and 1:3,

respectively.
Extending outside and lengthwise the tube 2

is solenoid |f, which is connected to g source of
direct current (net shown), by which is set up
the magnetic field ‘H - (&rrow) Rlectrode 8 dnd
collector 5 are made of some magnetic field per-
meable material such as aluminum or appropri.
ate alloys of stainless steel.

In Figure 2 is disclosed a tube-similar to that
shown in Figure 1, in which is mounted on one
side of the axis of the tube andg- nea.r “the Slde
walls thereof, the cathode filameént | which 'is
supported by sections of heavy wire 3 and kept
taut by spring 4. The collector 5 is thade <in
a form of a rod and is mounted in the -axis of
tube 2. Near the mid-section of electrode 8,
lengthwise along the aXis of tube 2 and opposite
"¢athode 1, is'cut ‘an’ opening 12, such that ‘the
“‘electrcns emltted from c¢athode i may enter: the
“S§pate within the‘electrode 8. Between cathode f
“and ‘electrode 8 ‘is mounted-a’ grid 13, in"any con-
Ventlone,l way such ‘as wires (4, which “also’ act -

electrlc 1eads ‘and terminal for: grid 13. A
*magnetlc field H is ‘Impressed upon “the - ‘Space
“Wwithin the tube in a- conventlonal way, such as
“disclosed in Figure 1. 'In'Figure-3’ is“shown an
“‘enlarged view, partially broken ‘away of the open-
ing in electrode 8, and its-associated grid 13 and
cathode i.

‘In operatmn and with reference to “Figures
2,74 “and 9, ‘electrons emitted from cathode |
“gle accelerated through the grid 3 and opening
“12 toward center of the tube by ‘a source of elec-
“tric "potential ‘(5 connected to electrode 8, col-
“léctor 5 and cathode 1. By adjusting the strength
“of “the magnetic field H, the-electrons may be
“made to be deflected and pass-by ¢olleétor 5 and
“thereafter bombard ‘electrode 8, as shown’by the
arrow |6. Upon suceessive reﬁectlons from elec-
“trode 8, the Imtlal electrons from ‘cathode’ | ‘con-
tinue on their paths as indicated ‘by “arrow 16

“and are thus trapped in the space within the tube -
“2. Upon bombardment of electrode’8 by the ini-

“tial électrons seconda.ry eléctrons ‘are emitted, ds
“shown by arrows {1, These secondery electrons
“gre accelerated toward electrode B, bit, respond-
ing to the magnetic field ‘H, they ‘are ‘deflected
and likewise - ‘become trapped “within the tube.
- “As the pa,ths of the initial and secondary elec-
“frons are increased e,nd exceed the mean free
“path for collision with the moleciles 0f the- gas
“within the tube, ionization" by colhsmn OCCUrS,
"’-causmg further ionization of the gis. "With the
_lonization of the medium, conduction cuirents
“flow-between’ collector § and ‘cathode '1. “A-load
‘résistance 8 is placéd in this: circuit that these

“currents may be made available for useful pur- -.gn

'-'poses

‘The flow of electrons from’ ‘cathiode 1 mgy be
“gontrolled by potentials epplled togrid 13 by a
‘transformer (9, the’ primary 'of “which“is con-
‘niécted to the source 20 of the curtents to be am-
’phﬁed and the secondary of Whlch “IS connected
“toegrid 13 and cathode’|.
cathode [ and the secondary electrons 'may be
“confined within the space’ oppomte to “collector

5 by ‘end plates 21 which’ are kept at a’ Slightly -

negatwe potential by an” electrlc source ‘22 °con-
‘fiected by the pletes 21 and'cathode’ 1. "Being*at

“Hegative potentlal the ‘plates repel‘electrons’ ap-
“proachmg them The system "may ‘be’grounded

“asat 23.
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a==first Townsend:coefficient;

“85

‘By arrow -25.
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The principles disclosed as fo Figures 2, 4 and
9 are applicable to the tubes shown in Figure 1
and are applied to tube |, with some modifica-

tion, by the circuits shown diagrammatically in
Figure 5. The cathode I, heated in any conven-

tional manner (not shown), emits initial elec-
trons which are s,ccelerated by accelerator 5,
awhich is connected to source 15. The accelerated
electrons bombard electrode 8 and are trapped .
within the space between accelerator 5 and an-

‘ode 8, causing secondary electrons to be emitted
rand cumulative ionization of the gas and con-

duction currents as hereinbefore described. The

‘resulting conduction currents are utilized in load
18 "Which "is connected between electrode 8 and

electric source 15. The control of the conduction

‘currents is:as:previously disclosed. Grid I3 and

cathode | are connected to the secondary of
transformer 19, the primary of which is sup-
blied by the ourrents "to be amplified, that is,
from source’29. “Grid 3 may be bias by electric
‘seurce-24. |

It -is -deésirable “in current amplifier ‘systems
that the devices operate-with as large a multipli-
“eation ‘factor “as possible. “The "multiplication
‘faetor may be increased by lengthening the paths
of the initial electrons:as shown in Figures 6, 7
and "8 or electrlcally as disclosed in° “Figures "8
and 10.

“As shovwn in Figure’ 6 collectcr 5 is'so'shHoftened
~that:it does not extend-to'a posmon opposite the

ﬁopemng 12. The average path from cathode-| to

“collecter *§ is thereby lengthened, -as illustrated
‘The tight ‘spirals in-arrow 25 rep-
‘pésent deflections ‘of ‘the: electrons upon -striking
gas ‘molecules.

“The average-length of ‘the paths of the initial
~electfons die-increased as shown in Flgure 7, by
po51t1on1ng collector ‘5 eceentric “the “axis of the
“tule. The’initial electrons have less: chance of
1ee,ch1ng collector <5 when: collector 5 is placed
“In-the:indicated position. ‘Afurther method “of
mcreesmg the multiplication factor is thet shown
“in Figure' 9, previously deseribed. that is, by con-

fﬁmncr the-electrons within a limited volume "6f

the-tube by-end plates‘kept at a'slightly negatzve |
potentlal

“The 'discharge in’ the tubes ‘disclosed ‘herein is

-ofthe Townssnd type and mey e defined by the

equation:
( a— 13) €=Mz
"“""?:u : ﬁe(r:-ﬁ)z |
where
=gutput eurrent

=§etond ' Townsend :coefficient,

-T=S€paration:of electrodes
‘e==Napierignilogarithm base.

"Here, o« may.be considered- the number of. elec-

f‘trons formed.per centimeter. per.electron and. B
-is- the. number - of -electrons. formed. per -positive
lon. By use.of the-magnetic-field, -which .pro-
duces eleotron trappmg, -a- 18: greatly .increased,

whereas g .is: pa,rtlculs,rly unaf

‘ected. by.the-mag-

-;-'netlc field since-the heayy. positive. ions- continye
“in- substantlelly strerght paths.

to .make a large .and’ 8-small.since-this. reduces
the likelihood of. 1nstab111ty which occurs- when
the-denominator-of: the.equation.is zero or

It:-is. desirable

o, e ﬁf (ﬂ-ﬂ)ﬂ:

“If B equa,ls zero “the cutrent equatlon reduced

“¥5 to i=ie"s and the gain 1s an exponential func-



5 |
“#on of ar. .- Purthermore, the gain s linear since
- yaries directly as fo. .: 7. ST oo
. .- The coefficient 8 may be decreased: by. sup-
pressing secondaries emitted from cylinder elec-

. - no- .

‘trode 8. This may be done, as.shown in Figure

8. by placing a small negative bias on the-elec-
trode 8 by the biasing electric source 271, which
is connected. to electrode 8. and ground 23.
. There is .thus created a:zero potential zone 28
‘g0 that the initial electrons from cathode | will

"-2;540;53'7
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not reach electrode 8, but will be reflected by -

‘this potential zone 28. = oo o
Tt _has been found. that secondary electron
_emission from electrode 8 may be suppressed by

carbonizing the inner surface of electrode 8 or:i:

by painting that surface with aquadag or. other
similar materials. This suppression Increases
“the efficiency of
diSC].OSEd;." o
.- Another means
‘trons is by the use of a suppressor grid electrode
99 a5 shown in Figure 10. . S

- Teclaim as my invention: . Lol
1. A vacuum tube comprising an evacuated en-

velope and inside said envelope: & filament, a.cy-

lindrical apertured first electrode concentrically
juxtaposed said filament, a second electrode in
concentrically spaced relation to said first elec-
trode, the said first electrode having said aper-
ture immediately opposite said filament to form
a restricted opening therethrough and a control
.grid positioned between. said filament and said
first electrode opposite said apersure.

. 9 A vacuum tubé comprising an evacuated en-

velope and inside said envelope: g filament dis-

posed m:dway -'-th_e length of said tube-and jux-
taposed said envelope, a cylindrical gpertured first
electrode juxtaposed said filament, a second elec-
trode disposed adjacent to said first electrode,
_the said firs® electrode having said aperture im-
mediately opposite said filament to form & re-
stricted opening therethrough, and a control grid
- positioned between sald filament and said first
‘electrode opposite said aperture. e

. 8. A vacuum tube comprising an evacuated en-
velope and inside said envelope: a filament struc-
ture extending lengthwise the tube that includes
5 mid-portion of filameni wire and a plurality
of conducting and supporting heavy w're end
sections, a cylindrical apertured first electrode
~concentrically juxtaposed said filament, a sec-
ond electrode in concentrically spaced relation
to said first electrode, the first electrode having
said aperture immediately opposite said filament

wire to form a restricted opening therethrough,

“and o control grid positioned between said fila-
ment and said first electrode opposite said aper-
- 4. A vacuum tube comprising an evacuated en-

“velope and inside said envelope:-a filament struc- ¢

ture extending lengthwise the tube that includes
s, mid-portion of filament wire, a plurality of
conducting and supporting heavy wire end sec-
tions and a resilient section, whereby the said
structure is kept taut, a cylindrical apertured
first electrode concentrically juxtaposed saig fila-
ment, a second electrode in concentrically spaced
relation to said first electrode, the said first elec-
trode having said aperture immediately opposite
said filament to form a restricted opening there-
through, and a control grid positioned betwzen
said filament and said first electrode opposite
said aperture. |

5. A vacuum tube comprising an evacuated en-
velope and inside said envelope: & filament, a cy-

the tube for reasons heretofore

of sﬁppréssing secondary elec-.

- 6
lindrical apertured first eléctrode concentrically
juxtaposed said filament, a second electrode dis-

posed adjacent to said first. electrode, the sald
“aperture in said first electrode comprising a re-

stricted opening therethrough and the. . second
electrode being positioned in the axis of the tube,
and a control grid positioned between said. fila-
ment and said first electrode opposite said aper-

“ture.. .

6. A vacuum tube comprising an evacuated en-
velope and inside said envelope: a filament, an
apertured cylindrical first electrode juxtaposed
said filament, a second electrode disposed adja~

cent to said first electrode, the said aperture in

ol
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- rents to be amplified.
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'said electrode being disposed immediately oppo-

site said filament to form a restricted. opening
therethrough and the second electrode being po-
sitioned eccentric the axis of the tuve, and a con-
trol grid positioned between said filament and
said first electrode opposite said aperture. .
7 A vacuum tube comprising an evacuated en-
velope and inside said envelope: & filament, an
apertured cylindrical first electrode juxtaposed
said filament, and a second electrode ‘disposed
adjacent to said first electrode, the aperture in
said first electrode being disposed to iorm a re-
stricted opening therethrough, a conirol grid po-
sitioned between said filament and said first elec-
trode cpposite said aperture, and a second grid
juxtaposed said first electrode. | SR
3. Discharee tube apparatus for amplifying
electric currents comprising: an envelope enclos-

ing & source of initial elecirons, electrode means

for accelerating said electrons through a re-
stricted area within the tube, further electrode
means for accelerating said electrons through the

medium of the tubs, means for reflecting said

further accelerated electrons successively within
said medium, means for applying a magnetic field
to said medium whereby said electrons are trapped
within said medium and conduction currents are
senerated, electrode means for . collecting - said
conduction currents, and control electrode means
for controlling the flow of said initial electrons
in accordance with the characteristics of the cur-

9. Discharge tube apparatus for amplifying
electric currents comprising: an envelope enclos-

ing a source of electrons, electrode means for ac-

celerating said electrons through a restricted area
within the tube for cenerating further elecirons
by cumulative gas ionization, further electrode

means for accelerating all of said electrons

through the medium of the tube, means for re-
flecting said further accelerated electrons, means
for accelerating said further gccelerated electrons
and secondary electrons within said medium,
meang for applying a magnetic field to said me-

dium whereby said further accelerated electrons

65

15

and said secondary electrons are trapped within
said medium and conduction currents are gen-
erated, means for collecting said conduction cur-
rents, means for and controlling the flow of said
electrons in accordance with the characteristics
of the currents to be amplified. .

10. Discharge tube apparatus for amplifying

electric currents comprising: an envelope enclos-

ing a source of initial electrons, electrode means
for accelerating said electrons through a restrict-
ed area within the tube, further electrode means
for accelerating said electrons through the me-
dium of the tube, means providing an equipoten-

tial zone in said envelope for reflecting said fur-

ther accelerated electrons, means for applying &
magnetic field to said medium whereby said elec~
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frons -are ‘trapped within said medium and con-
Quction-currents are generated, means for collect-
Hing said conduction currents, and means for con-
-trolling ‘the -flow of said initial electrons :in ac-
cordance with the characteristics of the currents
10 beamplified.

11. Discharge ‘tube apparatus for amplifying
-electric currents comprising: an envelope enclos-
ing a source of initial electrons, electrode means
-for accelerating -said electrons through a restrict-
;ed area within the tube, further electrode means
‘far saccelerating said electrons through the ‘me-
dium of the tube, means for providing a nega-
tively -charged potential zone in said tube for
reflecting said -further accelerated -electrons,
means:for applying a magnetic field to said me-
-dium ‘'whereby said electrons are trapped within
-sald ;medium .and conduction currents are gen-
:erated, means for collecting said conduction cur-

rents, and-means for controlling the flow of said -

Jnitial electrons in accordance with the character-
;isticsof the currents to be amplified.

12. :Discharge tube apparatus for amplifying
electric currents comprising: an envelope enclos-

ang-a-source of initial electrons, electrode means

for.accelerating said electrons through s restrict-
-¢d area within the tube, further -electrode means
for :accelerating said electrons through the me-
«dium of -the tube, a negatively charged reflector
for said electrons of such potential that the elec-
frons:are reflected without contacting the reflector
-and whereby secondary electron emission is sup-
‘pressed, ‘means for applying a magnetic field to
-8aid-medium whereby said electrons are trapped

‘within said ‘medium and conduction currents are -

:generated, means for collecting said conduction
currents, and means for controlling the flow of
+8ald-initial electrons in acesrdance with-the char-
:acteristics of the currents to be amplified.

13. A:discharge tube current amplifier. compris-
-ing:.cathode means for producing initial electrons
within the said tube, electrode means for acceler-
:ating said electrons through a restricted area
‘within said tube, further electrode means for fur-
ther .accelerating said electrons within the ‘me-

dium of the tube, reflecting electrode - Imeans
for reflecting said further -accelerated elec-
trons, means for trapping said further acceles-
ated -electrons, whereby conduetion currents are
:generated, electrode .means for .collecting said
-currents and control electrode means for control-
ding:the flow of said initial electrons in:gccordancs
«with the characteristics of the currents :to be
amplified. :
14..An amplifier as defined in claim 13, the
-electren producing means being concentrated in
a:space Immediately adjacent said restriced area,.

15, An amplifier as defined in claim 13, the said
-electron producing means being in the-axis of said
.tuhe .and.concentrated at the mid~sectionthereof,

10

13
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8
‘the :said -aceelerating means heing a .cylindrieal
electrode surrounding said :electron :producing
-means, and :said resfricted area -being passage-
-waysin said:electrode. .

'16. An amplifier as defined-in. claim 13, the said
-electron producing.means are:positioned: adjacent
‘the envelope of -said tube and concentrated at:the
‘mid-section lengthwise of said tube :and the: said
further :accelerating :means -heing :an .electrode
‘Rositioned :in the :axis .of -said ;tube and charged
10 a-positive potential.

17. An amplifier as defined in-claim'13, the:said
further accelerating means being -an electrode in
the axis of -said tube :and .charged :to a -positive
-‘potential, -the said .electrode ‘being so -positioned
-axially the tube that noportion thereof islat erally
-opposiie said-electron producing means. o

18, An.amplifier as defined:in claim 13, the sgi

- electron producing means being positioned :adja-~

-cent the envelope. cf said tube and:the said:further
-accelerating :means being:an electrode -positioned
eccentric to the axis of the tube. | -

19. An amplifier as defined in claim 13,-the said
Teflecting ‘means :being a :secondary : electron re-
-Sponsive surface. | | |

20. An amplifier as defined in claim 13,:the- sald
reflecting means being .a surface charged -at a
-negative potential whereby -the said further :ac-
celerated:-electrons.arerepelled by the-electric field
-atsald surface. | | S

21. An amplifier-as:defined in claim :13,:the-re-
lecting means:being a cylindrical -electrode and-a

negatively -charged grid -juxtaposed -thereto.
whereby the:said further-accelerated electrons are
-repelled by the electric field of said. grid.

.22. An amplifier according to claim 13, includ-
‘Ing means for confining. the said:further.acceler-
-ated electrons within a restricted portion of said
tube. | | ' |

23. An amplifier as defined-in claim 13, the said
reflecting surface -being carbonized, -wherehy
Secondary -electron -emission -at said :surface -is

‘suppressed,

24. An amplifier-as defined in claim 13, the said
reflecting -surface -being coated with -aquadag,
-whereby secondary -electron. emission at:said sur-

-faee is suppressed.

......
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