1 VACUUM TUBE TECHNI CAL FIELD 5 The present invention relates to devices
that provide with operating of emtted electrons in a vacuum space and
nore particularly, to a vacuumtube. BACKGROUND OF THE | NVENTI ON 10 Vacuum
tubes are used for operating of emtted electrons in a vacuum space, one
type of which is known as Vacuum Tube Di ode. A typical Vacuum Tube Di ode
for operating of emtted electrons in a vacuum space characterizes by the
appl i ed nmet hod of transfornation of the electron streamin the vacuum space

into the electrical current. Vacuum Tube D ode has a
> BRI TR

housing with a cat hode that has generating el enent known as
emtter, and an anode |ocated at the opposite side of the housing. At the
monent the Vacuum Tube Diode's enitter is activat ed, there is generated an
el ect r on ERCHNMGALJIEME:N the cathode and 20 anode. The cathode begins
generating free electrons that forma streamof emtted electrons directed
towards the anode. The result of the said process is the current of

el ecirical eneThyypriseatinvagtibn estatdscoenitrsahaisrovide Wit epélatilg .of Vacuum
Tube Di ode tha i's current I()S{J known has a low ability of 25 accunul ati on of

el ectri c SREEYSICHERNSIBA YaIUm SRace and dpaisdearie! @'ﬂﬂé tedsacyium 84fieeani ng
emtted el ectrodes, and because the Vacuum Tube Di ode normally has no
mechani sm f or keepi ng the electrons fromfalling onto the anode. As such,
pr esent | \BAGKGROMND @F THE INVENTI@NN only keep el ectrons inside the
housing for a very short tine.
10 Vacuum tubes are used for operating of emitted electrons in a vacuum
space, one type of which is known as Vacuum Tube Diode. A typical Vacuum
Tube Diode for operating of emitted electrons in a vacuum space characterizes by
the applied method of transformation of the electron stream in the vacuum space
into the electrical current.
15
A conventional Vacuum Tube Diode has a housing with a cathode that has
an electron-generating element known as emitter, and an anode located at the
opposite side of the housing. At the moment the Vacuum Tube Diode's emitter is
activated, there is generated an electron emission between the cathode and
20 anode. The cathode begins generating free electrons that form a stream of
emitted electrons directed towards the anode. The result of the said process is the

current of electrical energy streaming from the anode of Vacuum Tube Diode.

Vacuum Tube Diode that is currently known has a low ability of
25 accumulation of electric charge, because its capacity depends on the mass of
streaming emitted electrodes, and because the Vacuum Tube Diode normally has
no mechanism for keeping the electrons from falling onto the anode. As such,
presently known Vacuum Tube Diodes can only keep electrons inside the housing
for a very short time.
30




30 2 SUWMARY OF THE | NVENTI ON Enbodi nents of the present invention provide
a device that would be able to store significantly nore electrical energy
t han existing vacuumtubes, and to 5 keep the energy for a relatively |ong
time. Wth these abilities, vacuumtubes forned according to enbodi nents
of the present invention can provide a |arge variety of industrial
appl i cations. According to one aspect, 4 he present invention provides a
vacuum tube 10 with a housing that provides a vacuum space therein. A

cat hode ' d in the housing. Wien an external power
S supplﬁggwﬁﬁAgﬂgggéﬁﬁ%ﬁuvggﬁgb e anode, an emtter forned on the cathode
Is activated to generate electrons into the housing. Magnetic elenents are

provi ded adjacent to the housing, and the magnetic el enents generate a
magneti c fi el cEmbodipnents of Hreepresentiinvention providea devicei that weulddusablg. Wt h

bl enent s Wt B0l mbRE cBil BnPlay B0 BRis PR Bl iBeSr e © he
magnet i ¢ Kdepl theaticsgpiiiaddativety Bngaimenyviththeas silities, vadtiun®tuslisng t hree

di mensi onal magnetic barrier trapping the electrons therein, hence to

prevent tIRENEH SCEPIEIRG to embedimertsiohghe neseat invaetion ran grayide ajlarger nal 20

surfaces b | 3 : er internal elenents of the device.

Di schargi%letgf of i’tﬁﬁtejgfg?g%?@gb%g%gbm t he housing can then be controlled and /

or prevented, to achieve the expected accunul ation of free electrons in

t he housing. |Ip one enbodi nent, tPe érr‘:fritfagnet,i c elenents include nmultiple

di spersed 25 pefTRAABALC PRGRIPECHING RESAN INVERIaN PERYIEeS ArvasHIMMEeade as

: E?glxtemrfag{&t{csg@emapaﬁjms d H8EGuMYPHRE TereiP IRt dBeY aftf aftdndaled to
are installed in the housing. When an external power is supplied to the cathode

-and the anode, an emitter formed on the cathode is activated to generate
electrons into the housing. Magnetic elements are provided adjacent to the
housing, and the magnetic elements generate a magnetic field to form a three

15 dimensional barrier in the housing. With proper configurations of the vectors of
magnetizing of the magnetic elements and the external power supplied to the
anode and cathode, the magnetic field acts against the electrons to cause the
surrounding three dimensional magnetic barrier trapping the electrons therein,
hence to prevent the electrons from contacting the cathode, the anode, internal

20 surfaces of the housing, and other internal elements of the device. Discharging of
the electrons from the housing can then be controlled and / or prevented, to

achieve the expected accumulation of free electrons in the housing.

In one embodiment, the magnetic elements include multiple dispersed

25 permanent magnets aligned in radial orientation, and made as the elements of the
housing. These permanent magnets may be attached to the external surface
and/or the internal surface of the housing. Alternatively, the housing itself may be
a permanent magnet. Since the magnets are placed surrounding the vacuum
space including the area between the cathode and the anode, and since the

30 magnetic field changes the vector of motion of the electron stream generated by
the cathode, the electrons are kept in confinement, without touching the walls of
the housing and without reaching or touching the cathode, and the anode. The




and/ or the internal surface of the housing. Alternatively, the housing
itself may be a permanent magnet. Since the magnets are placed surroundi ng
t he vacuum space including the area between the cathode and the anode, and
since the 30 magnetic field changes the vector of notion of the electron
stream generated by the cathode, the el ectrons are kept in confinenent,

w t hout touching the walls of the hous$ng and wi t hout reaching or touching
t he cat hode, and the anode. The 3 said magnetic field keeps the el ectrons
away fromt. hode, and th at .a dista e sufficient

h t d
to prevent? Hﬁga@neg&%q‘ge?p%ﬂ?eoglieﬁgoeaaw anﬂ? eﬁoﬂﬁﬂg% ec%rt’ ode and
[ or the M@de“ﬁ@ﬂ%lé?gﬂeysuﬁlélén?ﬂo%béﬁ‘tsthe%mﬂs%&ﬁU i) &fud Hi%%/hOUSi ng

forma dense el ectron cl oud sl ow el ectrons. 5 The maxi mim densify and

pressur e b housing,dbe ICQ’thO@ileoimi /a®l‘efh|§raimet Acperndingly.tithe elenikams of t he

cat hobe. dRR R pies TRARORS Bl Iehie beBloR HbE et IS sRBReRsn "C1 oud

can be kePhe inmsiitant densiBcandiprizaass 6Ptheale@ta Llvad Yaré PREpdrtidfal téfftee Wi t hout
making an output current, due to the power of the magnetic field of the

mul tiple pqwsehafgw@tmeltle|eeweaﬂ§tlc elengnis mad te ﬁ%apmﬁal b@wendaﬂ@mpde
el ement s éﬁ'@'tﬁéjeatﬂopé quhé t&ﬁﬁ{%ﬁé pFl JERAAEAKE, (Rt r@é t na(g and
sur ousl! ng. no er e | rrent

covering an externa Inye

t he magnetare belkepkmsidd thel vadeupaspacd fos aokldtivelydgng tine, Imt:lafmhiiutf or ned
further _enbodi ment etl C

wthin a wall of the housing. |
el crent o TRKNGERN BUPKY BHTTBRL i leiine PhueBOr HiE 'Baapett Bl tagd and or
intepnal ggghate eRiméms. housing. 4 BRI EF DESCRI PTION OF THE DRAW NGS

In another embodiment, the magnetic elements include a flexible sheet of
magnetic material wrapped around, and covering an external surface of the
housing. In yet another embodiment, the magnetic elements include particles of

15 magnetic material formed within a wall of the housing. in a further embodiment,
the magnetic elements include a layer of magnetic material coated on an external

and/or internal surface of the housing.



These and ot her aspects and advantages of the present invention wll be
described in detail with reference to the acconpanyi ng drawi ngs, in which:
Fig. 1 Ais a schematic cross sectional front view of a vacuum tube
according to one enbodi nent of the present invention; Fig. 1 Bis a
schematic front view of a nmagnet used in the vacuum tube 10 shown in Fi g.
1A; Fig. 1 Cis a schematic cross sectidnal front view of a vacuum tube
which is an alternative of that shown in Fig. 1 A, 15 Fig. 2Ais a

schemati ¢ i vacuum tube according to anot her
enbodi mn@ﬁiﬁﬁﬁ%e@&p@ﬁ“ bﬁpgﬁﬁléﬁwmsl n an electron accunulation
state; Fig. 2B is a schematic cross sectional front view of Fig. 2A when

in an 20 electron discharge state; Fig~ 3Ais a schematic cross sectional
front view of lraseard hﬁrrer@ﬁpedsrmﬁad\cﬁntag@ pirtbs gmesentvreverition;wilbeFi g. 3B

canonn | S eBES TTRbIET T RihTEY GIf6 FoBBmbaRiing crabos Bonbn: of the

presgnt invention; 30 Fig. 4Bis a flow chart showi ng a nmethod of nmaking a
vacuum t ube shown in Flcgg 4A;, 5 Fig. S5Ais a schematic cross sectional
view of a furtfigr 18i»ad matlsfcr@%se@m@éﬁpni vigwrafisoyacuaytubss is a f1ow

chart - shoyigyiAg T8 bRAMEodTRIENR St the/ HRNURR ibBRiGRown 5 in Fig. A

Fig. 1B is a schematic front view of a magnet used in the vacuum tube
10 shown in Fig. 1A;

Fig. 1C is a schematic cross sectional front view of a vacuum tube which is
an alternative of that shown in Fig. 1A;

15 Fig. 2A is a schematic cross sectional front view of a vacuum tube
according to another embodiment of the present invention, when in an electron

accumulation state;

Fig. 2B is a schematic cross sectional front view of Fig. 2A, when in an

20 electron discharge state;

Fig. 3A is a schematic cross sectional front view of yet another embodiment

of the present invention;
25 Fig. 3B is a partial schematic cross sectional top view of Fig. 3A;

Fig. 4A is a schematic cross sectional front view of still another
embodiment of the present invention;

30 Fig. 4B is a flow chart showing a method of making a vacuum tube shown
in Fig. 4A;



Fig. 5Cis a schematic cross sectional view of a vacuum tube which is an
alternative of that shown in Fig. 5A. 6 DETAILED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS For the purpose of illustration, enbodi nents of the
present invention will be described to a device or apparatus suitable for
storing electrical energy, which 5 may be descri bed as vacuum t ubes
suitabl e for accunul ating el ectrons. EPbodi nents of the present invention
will also be described to a nethod of wutilizing electrical energy and a

met hod of maki cuum tubes. for utilizing. electrical energy.
Never thel ess. |8 WATF AeeATuRIccTiBsH SBpUaT visk pF S dLriieHamabog ek af the
enbodi nenpeseht ieniidgsent i nvention are applicable to cases where vacuum

10 tubes with the capabilities of accunulating electrons nmay be used in
ot her applications, such as electrical power supplies. As shown in Fig.

s a oyl i nari & 5B 8GR InbRRS HERRE TR0 2 yatduBiiEBEahobl: “ng "
an apode ihligdsAaposed in the housing 110. Wien the cathode 112 and anode

116 are connected to external power source (not shown), the emtter 114
wi ||l be activated, and generate electrons 118 in the housing 110. It should

be appreci ated al m.‘gt;]qa 1 1S, i Y-

separate el eneﬁ@%&ig atem ertﬁéggygg}stg%ﬁ%%élslﬁe%?ﬁgéfvgrgg#@ﬁ[jg%%‘ﬁ]ﬁ e'gsrzéjﬂ ed part
of the caltdrodtive Af tht showhub&igreA.not necessarily include an enmitter as a
separate elenent, but the cathode itself may serve as the emtter. It
shoul d al so be appreciated that vacuum tubes according to enbodi nents of
the present invention nay be formed with a housing of shapes other than
cylindrical described here. 25 For exanple, the housing nay be a spherical
shape, an irregular shape or a



conbi nation of different shapes. Magnetic elenents 102, including multiple
di spersed pernmanent magnets 120, are attached to and surrounding the
housing 110, with simlar nmagnetic 30 polarities orientated surrounding the
housi ng. One exanple of the multiple permanent magnets 120 is shown in
Fig. | B. As an alternative of the vacuum tube shown in Fig. 1A Fig. 1 C
shows a vacuum tube 101 configured witHpart or 7 all nultiple permanent
magnets 120 attached to the internal surface of the housing 110. Each one

mmgnet | o PERBLEO PESRERPTIAN o THE PRERRED KABLPMERTR S g 110, «he
magnetic fields of the multiple permanent magnets are combined 5 together,

form ng a three-di mensional barrier 124 inside the housing 110. Facing the
repul sive forde® thequrpese bia!i|t1$tmt!012$mh0¢thlneh§o®frtbeQraaefntemt\&rlt!oappﬂabel nsi de

the barrj n th the tter 114
i e " doribed 0 ¥ dded of SlodEhiS Sl R0 CRfuoll thkry e BN 1t e
hous$ ng Jﬁ:@y b ddeeibet e \vartumubles Bitable fae a8 HRLIGERG cTMPeS a
predetermined |evel, the emtter 114 nay be deactivaied, and the cathode

112 and dro@edimentsey theprasiest bivestioe will alsm hedessdbed fala pethed ofour ce. The
| db
vacuu {3 REIBBCAP A5 o Bt SRR (ot PR SEAIB 2, | g

ti rr:a 15 élbet;‘]iaabemergh wt Nbvertlhetessnﬁ wilhbe ldnmdemgu@al bg dnierskilled in e artttFéW

applying a I, gher ential to the anode 11 usi ng an externa

magnet i c %Pe@% s sﬁhﬁ PresenLinyeBlRT af%aﬂ@mé&% aS&ﬁWﬁd@CUH@

Ial IV o L L?r;fttﬁggg%ﬁlv’fhe%pgbmt:egﬁf héc@miRBRGRIGrons sy BEUseAnAbiidront vi ew of
applications, such as electrical power supplies.

As shown in Fig. 1A, a vacuum tube 100 according to one embodiment of
the present invention has a cylindrical glass housing 110, a cathode 112, an
15 emitter 114 and an anode 116 disposed in the housing 110. When the cathode
112 and anode 116 are connected to external power source (not shown), the
emitter 114 will be activated, and generate electrons 118 in the housing 110.

It should be appreciated that although the emitter is described here as a
20 separate element, the emitter may also be in the form of an integrated part of the
cathode. A vacuum tube may not necessarily include an emitter as a separate
element, but the cathode itself may serve as the emitter. It should also be
appreciated that vacuum tubes according to embodiments of the present invention
may be formed with a housing of shapes other than cylindrical described here.
25 For example, the housing may be a spherical shape, an irregular shape or a

combination of different shapes.

Magnetic elements 102, including multiple dispersed permanent magnets
120, are attached to and surrounding the housing 110, with similar magnetic
30 polarities orientated surrounding the housing. One example of the multiple
permanent magnets 120 is shown in Fig. 1B. As an alternative of the vacuum

tube shown in Fig. 1A, Fig. 1C shows a vacuum tube 101 configured with part or




according to anot her enbodi nent of the present invention. According to the
present enbodi nent, a vacuum tube nay be used as a power supply device. As
shown in Fig. 2A, a vacuumtube 200 has a housing 210, a cathode 25 212,
an emtter 214 and an anode 216 installed in the housing 210. Miltiple

per mmnent magnets 220 are attached to and surround the housing 210. It
should be noted that for the purpose of easy illustration, magnetic |ines
of the multiple permanent nagnets are not shown in Fig. 2A. A barrier 224

is fornmed h conmbi ned nagnetic field of the nmultiple permanent nmagnets
220. V\hena'[) %@tﬁe Qﬁ{m?@?&ﬂﬁg&é&é@h SHETRTL t@lﬂé"cf’}t%'ﬁ’é“ §‘2’§a ef h&ner at edgi n
the housipeusiggd1er Eachrdﬁéﬂ@ﬁhéﬂﬁé@%t&h?o?ﬁsrérgfnd%oﬂ%%&icqeldmre of the

mul tipl e permanent magnets 220, for exanple 220a, ¢ and '220d
att ached fegresantedby snagnalie livest122. Ndlhenrthe Magneds are aibadhagutodtet o be

bl ] ' t .a first iti h ' ig.
2a ana &t BB REahaRk G0s of FeF st peiiRentinasiite AR CoBBLIY o
the sagneogefRPgordiPa tirdecdimeasdiRr bafer 124tinsihe thd ﬁo&élﬁ? haosimgirgl0 and
the magnetic fields of magnets 220a, 220b, 220c and 220d together wth

those of 'GeHEPUIsHEerees: v thedarigr 124, theglectrons 148 aradrappeddnsidathe 18

bosi &1 on. DeeF IPRANANGH Bntactig e Aol 77 i e Hokle1 14 Ebaloe, e
emtter, adtivatahodereaslevtedrs aie gdreerhtuds iang attOmuldted i tiesh@iding anot hen be

accunmul ated in the housing 210, in a manner simlar to that illustrated
above in conjunction with Figs. 1 A and 1 B. 15 The nmagnets 220a, 220b,

220ggand 220d ywenlfe REaFRBSiCH GThE QisitRfhs reaches a predetermined level, the
emitter 114 may be deactivated, and the cathode 112 and anode 116 may be
disconnected from the external power source. The vacuum tube 100 now has the
accumulated electrons kept inside and by virtue of the barrier 124, the electrons
can be kept for a relatively long time.

15
The accumulated electrons can be converted into a current by applying a
higher potential to the anode 116, by using an external magnetic force, or by other
appropriate methods of discharge, as illustrated below.
20 Fig. 2A is a schematic cross sectional front view of a vacuum tube 200

according to another embodiment of the present invention. According to the

present embodiment, a vacuum tube may be used as a power supply device.

As shown in Fig. 2A, a vacuum tube 200 has a housing 210, a cathode

25 212, an emitter 214 and an anode 216 installed in the housing 210. Multiple
permanent magnets 220 are attached to and surround the housing 210. It should
be noted that for the purpose of easy illustration, magnetic lines of the multiple
permanent magnets are not shown in Fig. 2A. A barrier 224 is formed by the
combined magnetic field of the multiple permanent magnets 220. When the

30 emitter 214 is activated, electrons 218 are generated in the housing, and are
trapped inside the barrier 224.



210 and noved to the second position, as shown in Fig. 2B. Myving nmagnets
220a, 220b, 220c and 220d to the second position will bring the nmagnetic
fields of the magnets 220a, 220b, 220c and 220d away fromthe housing 210,
causing a change in the strength, shape and/or size of the barrier 224.
Fig. 2B shows one 20 of the situations of the change in the strength, shape
and/or size of the barrier 224. As shofn in Fig. 213, novenent of magnets
220a, 220b, 220c and 220d away fromthe housing 210 increases the size of

the barrier 224 by which ne F 25 portion 212{31 t he cathodsze2 212 is
i ncl uded i nsi d2NEIE MU AT4RE 53 pliPermANGREMAREETS 240 Tel BATBRL2I5 can
cont act C@QG@@Q&%dmwgﬂaéﬂ&iWe%tﬁﬂ@id%@@hé‘ﬂgusiﬁﬁ?b%@'y1 t he

el ectrons 218 can be discharged fromthe cathode 212, T el ectrical
ener gy pod¥digesed by be ivovabie relativecthedhausing 40, diween a firshposition ehewsed or

woul o appddPat SLE Sekgnu bRTisR Stowbndtr sl Ol cui 1 s and connect i ons.

a vaguum tube according to the present enbodi nent may be used as an
el ectrical power supply, such as a rechargeabl e battera/. 5 Fi 3A and 3B
ox:)

Show a vacuum Yhea stdbd figstmsitiony the mieenets 220m @20ReA206 ard PRBd gresent
show a . : .
ol oront o attdched s o FRERINGFROMATHE mabnkfe kIt Magiids 3082 FEE 20 o

302 i ncl uaed 2204 Soddther Witk tisdweetf GREr mageets fonmahe hiafddr 22486 eapdhe W apped
around the housi The flexible sheet 320 is then magnetized, with

31Q. .
pol ar i t1 cSeSP83 alBdrtide Nnmn Biredey240% 270Bs 2A4- 876 220d amatihe frsfi . sb.
Fl expbl e shafdn,3RE M dM%ard repulsed away from contacting the cathode, the emitter,

the anode as well as the housing 210. Electrons 218 can then be accumulated in
the housing 210, in a manner similar to that illustrated above in conjunction with
Figs. 1A and 1B.

15 The magnets 220a, 220b, 220¢ and 220d may be detached from housing
210 and moved to the second position, as shown in Fig. 2B. Moving magnets
220a, 220b, 220c¢ and 220d to the second position will bring the magnetic fields of
the magnets 220a, 220b, 220c and 220d away from the housing 210, causing a
change in the strength, shape and/or size of the barrier 224. Fig. 2B shows one

20 of the situations of the change in the strength, shape and/or size of the barrier
224.

As shown in Fig. 2B, movement of magnets 220a, 220b, 220¢ and 220d
away from the housing 210 increases the size of the barrier 224 by which, an end
25 portion 212a of the cathode 212 is included inside the barrier 224. It follows that,
the electrons 218 can contact cathode 212 through the end portion 212a and
accordingly, the electrons 218 can be discharged from the cathode 212. The
electrical energy possessed by the accumulated electrons 218 can then be
released or discharged from the vacuum tube 200.
30



conbi ned magnetic field generated in the housing 310. On the top and bottom
sides of the cylindrical housing 310, there are attached pernmanent nagnets
322a 15 and 322b. Simlar to the nagnets illustrated above, the magnetic
fields of the flexible sheet 320 and the pernmanent nagnets 322a and 322b
forma barrier 324 in the housing 310. Wen el ectrons 318 are generated in
the housing 310, the barrier 20 324 tr%ps the el ectrons 318 therein, and
prevents the el ectrons 318 from contacti ng cathode 312, emtter 314 and

anode 316 installed in.the housi 310. Electrons 318 can then be
Acounulated |k PREanRleGndBe 2t ek nneckl by amroatae A e ey
storage dgnvuURSan Q:dﬁ!n@ctidll’%,'évaﬂ:@ﬁ’i‘ﬁ]%é&cd?ﬂiﬂ%%%ﬁ&bf&éﬁ ehbRRimdhEew of
still another enbodi nent of the present 1nvention. As shown in Fig. 4A a
vacuum t upay bequsedas an ktaediical pod@rsuppiydsoch as birechargieable battesyi al . A

partial enlarged view of housing 410 is also shown in Fig. 4A During
formng the glass housing 410, nagnetizable particles 420, such as

nmagnet i zabl e sFigd. IRENUTBShow=vaBuNRs tMd dccdding 48 iyet ARsthesbabddimésr i al |
and together formthe gl ass housing 410. 10 Once the |iquid-form gl ass
mat eri al 9fdhe presemdnvestioni fi ed, the nagnetizable particles 420 are

envel oped in a wall of the housing 410. Thereafter, the housing 410 is

pl aced into an el ectro-magneti zi ng devi ce, such as an open-core

el ect romagnet ,Infthe paesert detsodiineat] goeaduasn ibd 30 had htagngio elémentse
particles 5 420 inside the wall of the housing 410 can then be nagneti zed,

and gener%g?e§uré°“ @%@tqvénﬂﬁi%ai@ovﬁmgd’m-hEh@.m@n%c@i@en’qs&%igﬁ_ P@field
= maonor eI ehelatd madhR GRLiARt: R BEAKES AuhatmIRUaLAg 410, 1
310. The flexible sheet 320 is then magnetized, with polarities 320a oriented
surrounding the housing 310, as shown in Fig. 3B. Flexible sheet 320 now has a
combined magnetic field generated in the housing 310. On the top and bottom
sides of the cylindrical housing 310, there are attached permanent magnets 322a
15 and 322b.

Similar to the magnets illustrated above, the magnetic fields of the flexible
sheet 320 and the permanent magnets 322a and 322b form a barrier 324 in the
housing 310. When electron3731 8 are generated in the housing 310, the barrier

20 324 traps the electrons 318 therein, and prevents the electrons 318 from
contacting cathode 312, emitter 314 and anode 316 installed in the housing 310.
Electrons 318 can then be accumulated in the housing 310, making the vacuum
tube 300 an energy storage device.

25 Fig. 4A is a schematic cross sectional front view of still another
embodiment of the present invention. As shown in Fig. 4A, a vacuum tube 400
has a housing 410 formed of silicon glass material. A partial enlarged view of
housing 410 is also shown in Fig. 4A. During forming the glass housing 410,
magnetizable particles 420, such as magnetizabie sand particles, are mixed with

30 liquid-form glass material, and together form the glass housing 410.




10 The present enbodi nent is advantageous in that, since there is no
operation of nmounting or attaching nmagnets onto the housing, as required
according to previous enbodi nents, the overall cost of making the vacuum
tube wll be much | ower and further, the assenbling process of the vacuum
tube will be much faster. Besides, the magneti zabl e sands particles are
much cheaper than 15 the shaped nagnet§0 Mor eover, the present enbodi nent
enabl es the housing to be nade with other shapes, such as spherical or

I rregul ar shapes. ﬁlﬁé{ﬁ{"ﬁ?ent enbodi nent al so enabl es the mtrwgratlon of
the vacuum t ubeNeRHIF igidnomyolass deatsdal iscold fied spditied.itbasnagnedizable naking
th I t hod

350 Tor | rpioaas 220%0e Bkopadi Bl Bt rEhodsifh 4 Thydne) IR Baehg e

firstly, 4 ishpjared mtdoaoelleczlmmagpahnngldmmaf suehgastanmidnecmat eri aI ar e
added i nt orm gl ass terial reaft

Shown | n SeeERnagHet ford bgsidtifed Bemd o g, {hsimaBneztie SaHiRshaped

gl ass hougi0msidy thi wapomemg?r@am Ba% theH Sén%@\ﬁ%he@@chddﬁgémav@é of 25

t he gl ass housin tg | ass housi ng i s then placed under an exter nal
magnet i ¢ MagpelE figld "ﬂi’n@? thehboyging i4d esT f@fmﬂaga’m fleldlﬂ)@n&att@fﬁl% 42410 be

magnet i z 6. A~lS a schenmati ss sectional
front vi danfregtpi¥ate Rodiaar ilme bplslg 40, A f sbEMBTRIERT B Ac”shown
in Fig Sfnbediveetis Mustriedddbveas a housing 510 and magnetic el ements 502
formed surroundi ng the housing 510. The nmagnetic elenents 502 provide a

magnetic field to forma barrier 524 in the housing 510. In the present

R T ot i RAREN ErfloRMigrs BdgahBREUE iPid e tner SRAET | 220! ©

mat erl al coat ousi n I'n o ayer

magnet i zaiperatien of meunting bo attacl']mg raagnats |on€c0med1irﬁn§mgna>st reqalrecﬂ

3? ]9? g'; 'ef]f‘ab({c;@gﬁ gc\?(\%?évslo&sngm%%al %an%h% or]{/‘ietrglli {:gétsof ma %5 %engac?uunr% )’Euttgjer e of
will be much lower and further, the assembling process of the vacuum tube will be
much faster. Besides, the magnetizable sands particles are much cheaper than

15 the shaped magnets. Moreover, the present embodiment enables the housing to

be made with other shapes, such as spherical or irregular shapes. The present
embodiment also enables the integration of the vacuum tube manufacturing

process into the productions lines of making other glass wares or articles.

20 Fig. 4B is a flow chart showing a method 450 for making a vacuum tube
shown in Fig. 4A. According to the method, firstly, as shown in block 452,
particles of magnetizable material are added into, and mixed with liquid-form glass
material. Thereafter, as shown in block 454, the liquid glass is solidified, to form
the shaped glass housing, with the magnetizable particles enveloped in the walt of

25 the glass housing. The glass housing is then placed under an external magnetic
field, so that the particles of magnetizable material can be magnetized, as shown
in block 456.

Fig. 5A is a schematic cross sectional front view of a further embodiment of
30 the present invention. As shown in Fig. 5A, a vacuum tube 500 has a housing 510
and magnetic elements 502 formed surrounding the housing 510. The magnetic

elements 502 provide a magnetic field to form a barrier 524 in the housing 510.




silicates and |liquid conductors. Prior to be coated on the housing, the
mxture is in the liquid state or a paste formunder roomtenperature. The
magnet i zabl e powder nmay be made of one or nore types of magnetic 10
‘materials. Before mxing with the Iiquid conponents, the magnetizable
powders are undergoing a demagneti zing process. \Wen the magneti zabl e
powders are properly mxed with the Iigdid conductors, the mxture is
coated on the housing by, for exanple, painting, 15 spraying or the |ike.
The coated m xture is then dried to forma | ayer of magnetizable materi al
520 on the external surface of the housing 510. As an alternative of the

vacuum t ube shﬁwneiﬁaegé,ﬁ.en%dir'ﬁieﬁt, tﬁ@ﬁé@ﬁ’éﬁic‘%Ié’lﬂ@Hféanz}"Pl%Iud?Oalla?@?Bf 1!_'Jﬁreed

with a magneti zabl e material 520 coated at the internal surface o

housi ng Snegneiiraiie madetialicoatérbon ds haysibgG10s Iplomecakainmle, the layer of

el ectro- netizing device, . such as an.open-core el ectronmagnet r a

or edet or i AAGC (e e 41 forMeREor S - CB3HoBaat ik i CBAMREARE 510 can

thensbe rmepddrsZar n@nerdfiie hiitasals, inman%awitueé df diffeldif tyge dfousi ng 510.
The magnetic field forma barrier 524 to trap el ectrons 518 generated in
t he housi #iipated and fiquideasiictaenPriar totke epated ertbaihassing, the mbttbeg isdnabove.

i g, SRtk BF o pRORUYNR, hlFF ORABRpPREL UD T Bl ook 82, 30

powders of magnetizable material are mxed with liquid conductors to forma

paste of magneti zabl e powders. K Thereafter, as shown in bl ock 554, the
paste is coate GW%GHQ@%V@W,W%@W bgdnade plpng ar Moy tyRsS ofaAisticanl e

mat g i al QBteiad!" Bafdte Mixihg with the liquid components, the magnetizable powders
are undergoing a demagnetizing process.

When the magnetizable powders are properly mixed with the liquid
conductors, the mixture is coated on the housing by, for example, painting,

15 spraying or the like. The coated mixture is then dried to form a layer of
magnetizable material 520 on the external surface of the housing 510. As an
alternative of the vacuum tube shown in Fig. 5A, Fig. 5C shows a vacuum tube
501 configured with a magnetizable material 520 coated at the internal surface of
the housing 510.

20

Thereafter, the housing 510 is placed into an electro-magnetizing device,
such as an open-core electromagnet for a predetermined period of time. The
layer 520 coated on the housing 510 can then be magnetized, and generates a
magnetic field inside the housing 510. The magnetic field form a barrier 524 to

25 trap electrons 518 generated in the housing 510, in a manner similar to the
embodiments illustrated above.

Fig. 5B is a flow chart showing a method 550 of making a vacuum tube
shown in Fig. 5A. According to the method, firstly, as shown in block 552,
30 powders of magnetizable material are mixed with liquid conductors to form a paste
of magnetizable powders. Thereafter, as shown in block 554, the paste is coated

on a housing, and dried to form a layer of magnetizable material on a surface of




t he housing. The housing is then placed under an external magnetic field,
so that the layer of magnetic powders can be magnetized, as shown in bl ock
556. The present enbodi nent. provides an alternative yet convenient and 5
efficient solution to forma vacuumtube, to provide a housing with
magnetic elenments. The overall cost of nmaking the vacuum tube is nuch

| ower. Further, the assenbling procesd2of the vacuumtube will be much
faster. The vacuum tube according to enbodi nents of the present invention

and st or dnetRESEReCHHAGUTIER 1SR REFOH) PGSR TS A ol he
accumul aling |8} da et s RlrB CLRaHE AT, i %n@cpgs%hargl ng

system Al thou enbodi nents o e present I nvent 1 on ave een illustrated
in 15 conjunction with the acconpanyi ng drawi ngs and descri bed |n t he

foregoing detailed description. it should regi ated 1t hat

i nvention is not® Pferﬁepi n}b@d{rﬂ%ht FHHB&S‘&&?M‘EBFB?@‘% y)élé:@nvgw&nfgn apabl e of
nurmes ous éfﬁaéhamamtéfomf@daéumtm@@&o prblige Rekdshsy At iadsdtict ut i ons
wi t hout departing fromthe SFI rit of invention as set forth and

reﬁl ted Sjemgsts. ol heaveralicos ﬁfsmazmglﬂae \acauvEube :S\mxwmggﬂ uEUﬂE@gprl si ng:
i Sposed 8 eMEfe B IR AR5 ITUBL il Be AT RRE " atutim space, and

magneti c el enments di sposed adj acent to the housi ng, wherein a magnetic

field generat«sﬂ‘bg t he magnetic el ements forns
e vacuum tube according to embodiments of the present invention can

10 be used as a vacuum tube device for accumulating emitted electrons and store
the electrons for a relatively long time, and to convert the accumulated electrons

into electrical current by adding a discharging system.

Although embodiments of the present invention have been illustrated in
15 conjunction with the accompanying drawings and described in the foregoing
detailed description, it should be appreciated that the invention is not limited to the
embodiments disclosed, and is capable of numerous rearrangements,
modifications, alternatives and substitutions without departing from the spirit of the
invention as set forth and recited by the following claims.
20




three di nensional barrier in the vacuum space, and 10 wherein the barrier
istotrap the electrons therein. 2. The vacuumtube as recited in claim1l,
wherein the magnetic el enents conprise a plurality of nagnets attached to
t he housing. 15 3. The vacuumtube as recited in claim?2, wherein the
plurality of magnets are attached to an external surface of the housing.
4. The vacuumtube as recited in claiml3, wherein the plurality of magnets
are attached to an internal surface of the housing. 20 5. The vacuum t ube
as reci te(cjI L]\le aim1l, wherein the nmagnetic elenents conprise a flexible
sheet of weagHeYi zable material covering the housing. 6. The vacuum tube as
recited in claiml1, wherein the magnetic el enments 25 conprise particles of
magnetic material enveloped in a wall of the housing. 7. The vacuum tube
as recitel i n Avacwin tubseoripnisitge magnetic el ements conprise a | ayer of
magnetic material coated on.a surface of the housing. 30 8. The vacuum tube
as recited in cl Qit}‘ﬂuﬁm%@r\’ﬁ?p ?W@CFH%W%‘% tﬁ‘ﬁb‘ﬂ@’ti c material is coated on
an egternal surfaperRidetditi HeHeHidH diddosed inkhE hoasimd ol gbserdingeci ted in
claim7, wherein the |ayer of magnetic material is coated on an internal
surface of the hougilegfronson theyaguemsnacebands recited in claim1, wherein

nousi ng bt ween S341e0e BB HbSot AEk S REBNER CoVary the

magnetic field i wHeheinougigngtic fiskiegetiatatdaiasy e raagnétio slenemss foremd 4 he
el ectrons are pr eveBt ed from contacting the anode and the cathode, and

when at the second B&s dimsansianal barrier in the vacuum space, and
10 wherein the barrier is to trap the electrons therein.

2. The vacuum tube as recited in claim 1, wherein the magnetic elements

comprise a plurality of magnets attached to the housing.

15 3. The vacuum tube as recited in claim 2, wherein the plurality of magnets are

attached to an external surface of the housing.

4. The vacuum tube as recited in claim 2, wherein the plurality of magnets are

attached to an internal surface of the housing.

20
5. The vacuum tube as recited in claim 1, wherein the magnetic elements
comprise a flexible sheet of magnetizable material covering the housing.
8. The vacuum tube as recited in claim 1, wherein the magnetic elements
25 comprise particles of magnetic material enveloped in a wall of the housing.
7. The vacuum tube as recited in claim 1, wherein the magnetic elements
comprise a layer of magnetic material coated on a surface of the housing.
30 8. The vacuum tube as recited in claim 7, wherein the layer of magnetic

material is coated on an external surface of the housing.




electrons are allowed to contact at |east one of the anode and the cat hode.
10 11. A vacuum tube conprising: a housing providing a vacuum space

t herein; an anode and a cat hode di sposed in the housing for generating

el ectrons in the vacuum space, and 15 wherein the housing generates a
magnetic field formng a three dinensional barrier in the vacuum space,
and wherein the barrier is to trap thelél ectrons therein. 12. The vacuum
tube as recited in claim1l, further conprising a permanent 20 nmagnet

attached to t housi n wher ei n the per manent is novable relative
to the hdolsi ngﬁt?e %@»&H’E"SUPQ Ag feqlied;ip; ”b?rd”'ae@&:%ﬁday?f&flm?%?t% vary the
magnetic fiel dnhfarbhR BE@n"Yﬂ?érﬁélrbd‘Wt{EGé ditBe ‘%ué@ﬁ first position the

el ectrons are prevented fromcontactin anode and“the cathode, and
when at the second position the electrons are allowed to 25 contact at
least one 10> f t'It}]ee %lgudu%w u de E\Q ?eccft%dhlgd?alm 1, wherein at least a part of the
5 magnetic elements is movable relative to the housing between a first
position and a second position to vary the magnetic field in the housing,
wherein when at the first position the electrons are prevented from
contacting the anode and the cathode, and when at the second position the
electrons are aliowed to contact at least one of the anode and the cathode.
10
11. A vacuum fube comprising:
a housing providing a vacuum space therein;
an anode and a cathode disposed in the housing for generating
electrons in the vacuum space, and
15 wherein the housing generates a magnetic field forming a three
dimensional barrier in the vacuum space, and

wherein the barrier is to trap the electrons therein.

12. The vacuum tube as recited in claim 11, further comprising a permanent
20 magnet attached to the housing, wherein the permanent magnet is
movable relative to the housing between a first position and a second
position to vary the magnetic field in the housing, wherein when the at the
first position the electrons are prevented from contacting the anode and the
cathode, and when at the second position the electrons are allowed to

25 contact at least one of the anode and the cathode.




