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 Dipde. A typical Vacuum Tube D ode
for operating of emtted electrons in a vacuum space characteri zes by the
applied nethod of transformation of the electron streamin the vacuum space
into the electrical current. 15 A MACUWUMITUBE Vacuum Tube Di ode has a
housing with a cathode that has an el ectron-generating el ement known as
emtter, and an anode | ocated at the opposite side of the housing. At the
nonent the ViEEoWmiICIbEIEDDPde' s emitter is activated, there is generated an
el ectron em ssion between the cathode and 20 anode. The cat hode begi ns
generating free electrons that forma streamof emtted electrons directed

towar dsst he anodgne pRgsenmvbhtidd reldids ®deides @@ Provide WS opEiaingdt Of
el ectrical energy streaning fromthe anode of Vacuum Tube D ode. Vacuum

Tube Di ode tamitted sleglipnsiftd YAquHBVRPasgaNd nesw Papiquiarly, t9ra varuyptivhel ati on of
el ectric charge, because its capacity depends on the mass of stream ng
emtted el ectrodes, and because the Vacuum Tube Di ode normally has no
mechani sm f BAGKSGROUNDIQF EHEJNVENTIONom fal | ing onto the anode. As such,
presently known Vacuum Tube Di odes can only keep el ectrons inside the
housi n

?O 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



for a very short tinme. 30 2 SUVWMARY OF THE | NVENTI ON Enbodi nents of the
present invention provide a device that would be able to store
significantly nore electrical energy than existing vacuumtubes, and to 5
keep the energy for a relatively long tine. Wth these abilities, vacuum
tubes formed according to embodiments of the present invention can provide
a large variety of industrial applications. According to one aspect, the
present invention provides a vacuumtube 10 with a housing that provides a

vacuum spac SUMMARYZYOFAKBEINVENTION an anode are installed in the housing.
When an external power is supplied to the cathode and the anode, an
emtter forned on the cathode is activated to generate electrons into the

housi ng. Magnet i EnfoRIRENS offrR fresatt iR@nash paRide d Qevidethah@bgld e avderd the
nmagnetic el emants generate a magnetic field to forma three 15 di mensi onal

barrier in tiRé& %%ﬁ@ﬂﬁ'ﬁa”twmﬂrep?'ﬁﬁﬁ?d(?tﬂﬁfgydl]?ré%'é‘i'ﬂg HACULREIUDE 1380 of

nmagneti gi ng @Bp&ﬁ@eﬁ@@?ﬁir'&e@tﬁ@iﬁr@@ @, With BESLERMesPONRIUnSHBRLT €d to the
anode and cat hode, the nagnetic acts against the electrons to cause

the surrourfeingg @qﬁoéféngiIon%fﬁQ@@ﬁ‘&ﬂtsrﬁéfr‘i%m%ebfdﬂwfﬁ'ﬁntqaaWm\#@e afasgel ectrons

therein, heppgnt |ﬂU§¥%”5p;§!i% tigd€ctrons fromcontacting the cathode, the
anode, |nternal 20 surtaces of the housing, and other internal el enents of

t he device. Discharging of the electrons fromthe housing can then be

controlled and / ASLord| VtS%S%sp%& th%gﬁé%ﬁ aftioT PigiRd AR HM't@t}é on of

free electrons int ousi n he mag ne enent s
i ncl udéO mul twithl aahulmrpgatf@éurov:des a vacuum space thereln A cathode and an anode

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



25 permanent magnets aligned in radial orientation, and nmade as the

el enents of the housing. These pernmanent magnets may be attached to the
external surface and/or the internal surface of the housing.

Alternatively, the housing itself nmay be a permanent nagnet. Since the
magnets are placed surrounding the vacuym space i ncluding the area between
the cathode and the anode, and since the 30 nagnetic field changes the
vector of notion of the electron stream generated by the cathode, the

el ectrons argidkhajndtio fieRiideps tnélecidris @iy frérd eivg RGusimE, th@ththodéd and he

housi ng and w t hout reachi ng or touching the ﬁat hodﬁ, agd t he a‘Er{ de. The 3
sai d magnet i€ #NQdeptigstpiant BUTieient tp HRe fiegirnsie™ BEas fgud cat hode

and the anggienaisidy, HestAR6: s f braheRhode AdcBMaly, the eRke6hg ons from bei ng
caught by the housing, the cathode and / or the anode. Accordingly, the

el ectrons &emvipteddaside efrousiie TRBN & depse Slarran Glondof &loxeelpeirentst oud of

sl ow el £ct r &g maximif JBRSItTHAY BRAS UieYoraRs cRERSS HbBd @fe blaBoRioRSItb@Re ! oud
are proportional to the power of the nultiple nmagnetic elenents and to the
potential beeweeal thaeuiinie agagtic elsamenta the ppiagtialhetwesn Hiermnogeocess.
after the chafdfe cdiRGaShiatid I8 chartifh plbeBs AkPie dnaRid]thd BiBctrdfHu SPace
for a relatively ?ong tine, an(?vm o%t makl ng an out put current, due to

t he power ofcanipe kentineidiedhd vatudnmpospadedonarelaipiety lon@timegaed wWitheltenents. I n
anot her enbaqdi,x t] I ' 4 exi of
magneti c rra?%r'{'@] r\'/vcr)é{[ g%‘gﬁ%rﬁgud#%,tgéﬁ%s%%eérfﬁﬁ%th'ﬁn%)'({ %e?ﬁ%ﬂh%ﬁ@ﬁ@% of the
housi ni0 | n nyEgneticelehentenbodi nent, the magnetic el enents include particles
of 15 magnetic material forned within a wall of the housing. In a further
enbodi mrent, the magnetic elements include a | ayer of nagnetic materi al
coated on an ext kv aradther 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.



and/ or internal surface of the housing. 4 BRIEF DESCRI PTION OF THE
DRAW NGS These and ot her aspects and advant ages of the present invention

will be described in detail with reference to the acconpanying draw ngs,
in which: 5 Fig. 1A is a schematic cross sectional front view of a vacuum
tube according to one embodi ment of the present invention; Fig. | Bis a

schematic front view of a nmagnet used in the vacuumtube 10 shown in Fig.
1A; Fig. 1 Cis a schematic cross sectional front view of a vacuum tube

which is aBRIEFDESCRIRTION ORTHESDRMWINGS-i g. 1A, 15 Fig. 2Ais a
schematic cross sectional front view of a vacuumtube according to another
enbodi nent of the present invention, when in an electron accunulation

state; Fig. 2B l$h@s§:§rﬂﬁ&ﬂbt§sﬂ‘e&%<§@ﬁfah@§%h of fPreyérmvahtibn @ill b when
in an 20 electron di schar%e state; Fi is a schematic cross sectional

front view &esgiReddn getedwi FeisaeRRere th%fac‘%(’rﬁ@%y@éﬁ?wl”ﬁwﬁtw*ﬂﬁh 25 Fig. 3B
is a pastial schematic cross sectional top viewof Fig. 3A; Fig. 4Ais a
schematic cross sectional front view of still another enbodinent of the

present inventi ofig- 38 igagcherpaticscrgss sestiopaldrant yiewiwifgvasuertibe of making a

vacuum t ube ;38Ghg th dnElethbodifinent of the present invention;

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;



5 Fig. 5Ais a schematic cross sectional view of a further enbodi nent of
the present invention; Fig. 5Bis a flow chart showi ng a nethod of naking
a vacuumtube shown 5 in Fig. 5A; Fig. 5Cis a schematic cross sectiona
view of a vacuumtube which is an alternative of that shown in Fig. 5A 6
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI 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 vacHigrbAubaschembtidiress sectivaalune af a figther efibodimsent oEtHzodi ment s
of the present invention will also be described to a nmethod of utilizing
el ectrical éﬁ%%ﬁ@"ﬁﬁ@“g'nethod of maki ng vacuum tubes for utilizing

el ectrical energy. Nevertheless, it will be understood by one skilled in
the art that enbodinents of the present invention are applicable to cases
where vacuum 10 tighet w?‘ew%&@&awwm%%f ragkingh@ VaEY Yy hSROMEns  nay
be usedsin @ gl saapplications, such as electrical power supplies. As shown
in Fig. 1A, a vacuum tube 100 according to one enbodi nent of the present
invention has a cylindrical glass housing 110, a cathode 112, an 15 emtter
114 and an anoderl8cdi aReAEHaliECoRE sBQibPaNHew bPa WMBGIm kit GRERRIS, 112 and
anode 116 are connected to external power source (not shown), the emtter
114 wi || be aemnalive edtthabshdwieindiicitd®.el ectrons 118 in the housing 110. It
shoul d be appreciated that although the emtter is described here as a



20 separate elenent, the emtter nmay also be in the formof an integrated
part of the cathode. A vacuum tube may not necessarily include an emtter
as a separate elenment, but the cathode itself nay serve as the emtter. It
shoul d al so be appreciated that vacuum tubes according to enbodi nents of
the present invention nmay be fornmed wth a housing of shapes other than
cylindrical described here. 25 For exanple, the housing may be a spheri cal
shape, an irregular shape or a conbination of different shapes. Mgnetic
el ement s 10DETAILEDADBSCRIPTION OF THP PREFERREDEMBODIMENTSSs 120, are
attached to and surroundi ng the housing 110, with simlar nmagnetic 30
polarities orientated surroundi ng the housing. One exanple of the nmultiple

permanent magnet Foﬂt?\@ ﬂLﬁpd‘é@QW“lIUsﬂaﬁbrg embodiméxts anthel gresemiriveptier wiilhe: vacuum
t ube shown in Fig

Fig. 1 C shows a vacuum tube 101 confi W th
bart o 7 ReCHHL I v QA SHBOLS Tob 80D Slenkieat Sarae WHES: na
surfacesof they bdabksdriBad %&Qac@ﬁmmesu%bm@ré&gﬂﬂaﬁ. Hediraps.an indivi dual
magnetic fiel represented by magnetic |i en the nmagnets are

attached to ﬁrﬂ'éod"ﬁ%@lqﬁﬁﬁelﬂ'@sefﬂth'é"%@ﬁé\ﬂll %'S‘P Péld§§°r&edttﬂ@ methed sf e per manent
magnets are gGoiRY BRdireaf QARS8 afn%tm)d“gf akiRg %ﬁclmnﬁfﬁib%sqa%tm%@r ler 124

I nside the housing 110. Facing the reEu sive forces fromthe barrier 124,
t he el ect r oridectrical apergyr h‘ﬁp@@hﬁ?'@ﬁﬁ devil he ungersiaogrbyione skiliedin the abiehct i ng

e housi 10 bl o B, SELLHSvohid BRTBIIEaI8RS bikcfhe8RkeL) oot T ons

are generated, and accunul'ated in t e accunul ati on
of thelel ecttutansswmeﬂnemaalllmse@f@tceumﬂmwdgIemarbnsUmbemﬂedtl@pthﬁm may be

deacti vat ed, apgﬁgatltong s%%%gqﬁ%cjrﬁt?alg ‘ﬁe 16 may be disconnected from
aum

t he external "pOWeEr sSource ‘00 now has the

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 aiso 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



accunul ated el ectrons kept inside and by virtue of the barrier 124, the

el ectrons can be kept for a relatively long tine. 15 The accunul at ed

el ectrons 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 nethods of discharge, as illustrated below. 20 Fig. 2Ais a
schematic cross sectional front view of a vacuumtube 200 according to
anot her enbodi nent of the present invention. According to the present
ermbodi ment , ail nvdeple Peindrentiaghetsuititazghad powwerintetapbyrfatewfdiee As shown in

Fig. 2A, a vacuum.tube 200 has,a housin 0, a.cathode 25.2 an emtter
214 and an é‘ﬁHﬁf@gﬂé' Eﬁglﬁ aﬂ?Qgthed“?wfﬁgaé%ﬂ%,aﬁifb’?‘"%fﬂqma@"&t'c ééfjmanent
nmagnets 220 rgprasaitbd sy athgneti@ MibsS1a. ONREn thiembgnsts age didbhelitto gloul d - be
noted that for the18urpose of eas

t

) ~easy illustration, magnetic |lines of the
mil tiple péeHERBATOnhgreaanele delgsof LiegnHitiplg Rergan .m%%?ﬁeeqonﬁwcr s
formed by th§getkMRIrMfE SMoeRbInferlsidiafibattief 124 iMbidbithd RoRARgRNENFadiRgnet s
220. When the 30 emttér 214 is activated, electrons 218 are generated in

the housi ng therrpuisive forgeg Sisartherharier 124e thelpetemns i3 arg trapped Bisidedi@ of t he
mul tiple perb’éﬁ-m?qt‘?wﬁﬂﬂﬁftgo@t%?ﬁnit% HoUE 18 02 %0ifh thePRitter2PACrefihs?20d
the bottom side of t g

attached to e housinhg 210, are configured to be
novabl e r el @&ctivajed Taorecledtiogs 21@genrretedeand agumylatgd dn thegiwusingdd0. i n Fi g.
2A, and a second position shown in Fig. 2B. 5 Wien at the first position,
t he magnets 220a, 220b, 220c and 220d are

10 When the accumulation of the electrons 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.



attached to the housing 210 and the nmagnetic fields of magnets 220a, 220b,
220c and 220d together with those of other magnets formthe barrier 224,
to trap the electrons 218 inside. Wen magnets 220a, 220b, 220c and 220d
are at the first 10 position, the electrons are repul sed away from
contacting the cathode, the emtter, the anode as well as the housing 210.
El ectrons 218 can then be accunulated in the housing 210, in a manner
simlar to that illustrated above in conjunction with Figs. 1A and 1 B. 15
The magnets 220a0n22flmord 20 theamditip@ubrmayertenatgiots 220] for exande220gy 210 and

220, 250¢ 2A0boSAs 46 4 Beechi B8Rkt Tk pBr RS PRE Fedffet i 7ol ds
of the Wg&ﬁhﬁg&@@&) ba&fbbab@&a@twmezaﬁdm@mm betwseh RerirBopusition shd@n
causing a ¢

g g he stren %ﬁgp r size of the barrier 224.
Fig. 2B shoWRFihéAoandf SerrNdsh Elnl ndp H change in the strength, shape
and/or gize of the barrier 224. As shown |n Fig. 2B, novenment of magnets
220a, 220b, 220c and 220d_ away fromthe housing 210 increases the size of
the barrier 224 M{hepatdne f'@ﬁp%ﬂﬂpn ﬂ?ﬁ'ﬁi’@gﬂ?tér?zﬂﬂﬁqpﬁ 220randefytirer12 i s

i ncluded i ngjdendd'® tHé"hE:h&ﬁg %¥6anbfthé %Fﬁéﬁ: fididd of rﬁ?ﬁﬁé 8804 Q‘Q@bzﬂ@ccan
contact cathode 212 through™the end I on 212a an accor di ngla/_I
ca

el ectrons ZﬁBid(i-’éﬁdb@Qih@dMﬁ‘r@@ﬁe pf@iﬁﬁt mageeisfigaethebarieryz4. i tean
ener gy possgmngmgf}%@ecwh ﬂ%e@ %bg‘r 9%90 2 Sc%ﬁﬂ beﬁ@ldé)gt thé%s‘?afed or

di scharged fromthe vacuum on skil In the
woul d &ppr eqicaitiens thatelediypna pre teprisad @wely deon pmtactmg 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, 220c 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, 220c¢ 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



circuits and connections, a vacuumtube according to the present enbodi nent
may be used as an electrical power supply, such as a rechargeable battery.
5 Figs. 3A and 3B show a vacuum tube according to yet another enbodi nment

of the present invention. In the present enbodi nent, a vacuum tube 300 has
magnetic el ements 302 surrounding a cyld ndrical housing 310. The magnetic
el ements 302 include a 10 flexible sheet 320 nade of magneti zabl e
material, wapped around the housing 310. The flexible sheet 320 is then
magneti zed, w t hAg@rson $Killesl id 2nan woalit abreciatertioatpby appropeath@lsstriel 310, as
shown in Fi % 3&. F] exi bl e sheet 320t ow has . .a Ctﬁnbi ned magn&tictfiel d
gener ated i Y NRGCHPNS: @ ¥ACYHR tR5AceREring 19 1B Preseit emBPdinel
cylindrical rhausé tgedddan bleetrizapdverisuppiyesldpeis@reshbrgsabkdiztted?2a 15 and
322b. Simlar to the magnets illustrated above, the magnetic fields of the
flexible sheet 320 and the permanent magnets 322a and 322b forma barrier

324 in the houskpg. 3AGnd\3eshodl & VhERNS tubbtacebRIirgFias/etbRsthbNembedifeHs! Ng
310, the barrier 20 324 traps the electrons 318 therein, and prevents the

el ectrons 3P8tHeRyRsRUMVERtPRg cat hode 312, enitter 314 and anode 316
installed in the housing 310. Electrons 318 can then be accunul ated in the
housi ng 310, neking the vacuum tube 300 an enerqy storage device. 25 Fig.
4A is a schematidn ecpggsesvé@mb@dmerﬂ,ra)mcwnbwbsﬁogthaﬁ|m%9mlﬁ@|emeéﬁ§)odi ment

housi ng- 410 1o, uR4ERNRGR, fira LSy 1) T maBniraibifhis ot ey, o
housi n¢0 410 fiesibld sheet B2made dfimpgneizabiw miateyial, owrappey aleung theskousingsi ng 410,
maghet | zabl &1BaheHefibic'éfbet 396 1% REn MRABILES Wi oRHleR 3264 BliGiRea 2" M xed
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 electrons 318 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 magnetizable sand particles, are mixed with

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



30 liquid-formglass material, and together formthe glass housing 410. 10
Once the liquid-formglass material is cold and solidified, the

magneti zabl e particles 420 are enveloped in a wall of the housing 410.
Thereafter, the housing 410 is placed into an el ectro-magneti zi ng devi ce,
such as an open-core el ectromagnet, fogna predeterm ned period of tine.
The magneti zable particles 5 420 inside the wall of the housing 410 can

t hen be nagnetized, and generates a magnetic field inside the housing 410.
The magnetic fi elDmhcé tiemquid-foamrgiads Maikribits coldaghdaddtidifiedthe Adhnginmiat ed in

t he housing 410, ip.a manner simlar to the enbodinents jllusirated above.
10" The. pr esafttlaRAR BrEvEP &Y i vaLEbte NoHsFRATD: SrmEerehdbehpeing
operation of41004/plab8@in®s adbledGBinfagridBEINg devies! suchiR ditstsenigreas required
according to previous enbodi nents, the overall cost of naking the vacuum

tube will IHEHIEIRINEWEN aRTBAIGFTIEN PeripR oLdment e MAgpRbEaRia PEidlRe vacuum
tube wi§| beomkidl RSN of REROENSy 41PEarPERYd Ralheti-8aIR Giertes 8S ar e

much cheaper than 15 the shaped nagnets. Myreover, the present enbodi nent
enabl es t he MrAN&t6 felid dnsigrthedasifor OotThermagnglis dieldfgens adagiaideddal or
rregul ar shapesect 405 G8ABktec RS hERho 810.0n SRS fifrkdirROr ation of

t he vacuum tube manufactdring process 1nto the productions |Iines of making
ot her gl ass emhogénents diusiraledsbop® Fig. 4B is a flow chart showi ng a nethod
450 for making a vacuumtube shown in Fig. 4A. According to the nethod,
firstly, as shown in block 452, particles of magnetizable material are
added it o, and mheetesent émbodjmedt Badvantiagesus indbatr siate tHEneisewf t er, as

R T e L e e
according to previous embodiments, the overall cost of making the vacuum tube
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 fo
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 wall 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.



25 the gl ass housing. The glass housing is then placed under an external
magnetic field, so that the particles of nagnetizable material can be
magneti zed, as shown in block 456. Fig. 5A is a schematic cross sectional
front view of a further enbodi nent of 30 the present invention. As shown
in Fig. 5A a vacuumtube 500 has a hougjng 510 and nmagnetic elements 502
formed surrounding the housing 510. The magnetic elenents 502 provide a
magnetic field to forma barrier 524 in the housing 510. 11 In the present
enbodi nent, the magnetic elements 502 include a | ayer of magnetizabl e

material coated on the housi 510, Jn one ex | e e | ayer of

magnet i zabl e mat EYgPresent GWHBG‘ tékﬂmqueﬁ‘b%ﬁngﬁ@?ﬁé& 'f(‘f"Hﬁ% ajgyer of
magnet i zabl gnagheRLaMIE ratet cHRBd BhIRE heudifd 810.aInSond deimpsié,nBe Ryai ot ur e of
different types of silicates and |iquid conductors. Prior to r\eg?#ﬁoat ed on

t he housi ngMagnstizable materialis fﬁ’m?%ﬁf‘ﬁ’ mudfi-geraparient Blixturepidpag ®nder room

tenmperag ure, 8om§rsmri-&@ghi% rRABHSE, iFBYdiRG a'"fﬂ&ﬁjr@fof Qllﬂ’@réhlf typek &f t ypes of
magnet it materials. Béfore mxing wth the |qU| ng_;grﬁnts

nmagnet i zabl siligaigaand liguid confddego Prigr 19 tecsnataren ety DAY *ﬂhe
magnet i zabl %é’{?%@?éété‘ﬁr&a ﬁéﬁgﬁmg@é?&wté,ﬁpé@%rgl qui d conductors, the

m xture is coa on t ousi ng exanpl e, painting, 15 sprayi ng or
the like. The coated mi xture is then dried to forma |ayer of magnetizable

o e Vanam t uSRE pfEthefle Sild@TRaphe HPER UL b0 1ypes of faghbic) N2t 1 Ve

of the vacuum tube”s shows a va uum tu
confi gl ed \mrathrials.nBgfoee mbdhdg mtt’rﬂﬁ@hqm c@ﬁporcﬂm’e dlde magngtizable powedrssur f ace

of the housalren gngelrgbing 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 532,
30 powders of magnetizable material are mixed with liquid conductors to form a paste
of magnetizable powders. Thereafter, as shown in block 5654, the paste is coated

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



20 Thereafter, the housing 510 is placed into an el ectro-nmagneti zi ng
device, such as an open-core el ectronmagnet for a predeterm ned period of
time. The layer 520 coated on the housing 510 can then be magneti zed, 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 simlar to the enbodinents illustrated above. Fig. 5B is a flow
chart showi ng a nethod 550 of nmaking a vacuum tube shown in Fig. 5A
Accor di ng t dh¢ heusimg.hDik hbusisg isyheraplasbdmndérrarbéxb@haﬁﬁﬁgnam flretdycertisatof
magnet i zabl eri are, mxed with nductorst a paste of
nmagnet i zabl Sh‘gﬁm @“ Q'F?S'Pé’md%ﬁ c%b%ﬁg\% bf’%é'l} e 8? é%%’istg i's
coated on a housing, and dried to forma Iayer of magnetizable material on
a surface of 12 he housi ng. ,The housj n pI ced under an external
magnetic field, g etﬂﬁea%e"? 'Wgop'ﬁlfé\t pB’fV'Jr?é%ﬁeqS‘ e{:n ofiifcf: gorﬁ’gﬁ'eﬂg '?Fggneti zed,
as showg in i séﬁuﬁonT&ﬁ)rmr@mbnemb@dbrmmld@éwuﬁagmﬂhrﬁégr@naatl ve yet
convenient and 5 efficient sol ut| on to forma vacuum tube, ﬁ@fgrow de a

t

housi ng Wi t kP@fﬁ@"r‘ltét iThe oxpralhoeplof matdng heracHumdube simueions -+ RwtRecuum t ube

is nuch | owghe aB48UHRIRG: proddi® AHRSIAILURDIUBE WFIESS niich Fitevacuum tube will be
much faster. The vacuum tube according to enbodi nents of the present

invention can 10 be used as a vacuum tube device for accunulating emtted

el ectrons and st gf, vakgﬁg?uﬁecéédaﬂﬁné Rferﬂb{)&}r%h{s"cﬁfltbfe b@%@nflh{?&tloﬁ’h@nt 0

convert the accumu ate l'ectrons i1nto electrical current by adding a
di schad§i ng beyssesms avatwaytubedsyigeieracsuaniating epritetalecirensesnd %iﬁrenave been
illustrated

th8 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



15 conjunction with the acconpanyi ng drawi ngs and described in the
foregoing detailed description, it should be appreciated that the
invention is not limted to the enbodinments disclosed, and is capabl e of
nuner ous rearrangenents, nodifications, alternatives and substitutions
wi t hout departing fromthe spirit of thgg invention as set forth and
recited by the followng clains. 20 13 %LAI M5 1. A vacuum tube (100)
conprising: a housing (110) providing a vacuum space therein; 5 an anode
(116) and a guAaImsle (112) disposed in the housing (110) for generating
el ectrons (118) in the vacuum space, and magnetic elenments (102) disposed
adj acent to the housing (110) , wherein a magnetic field (122) generated
by the magnetic @l \w@Biitubé (D) cbwprsing: t hree di mensional barrier (124) in
t he vacuum space, 10 and wherein the three di nensional barrier (124)
prevents el ectrons RauHNg Wﬁhﬁ?rem'm Y?@‘%ﬁp%ﬂg?rﬁﬁ’(llo), t he anode

(116) agd the cat hogeandab?)6) aha 2cathbe VARYRPbsEEInate heasibg d iopfarl ai m 1,
wherein the nmagnetic el ements 102) conprise a plurality, of magnets (120)
attached to the housiggfierating)electrpnsthtBNia thr yaUYBESPEser @ ted in claim 2,

wherein the plural ity phicrRgneits (1023 Qlspdsed adjhashas iHenarixteonal surface
of the housing (110)." 20 . .
wherein a magnetic field (122) generated by the magnetic elements
(102) forms a three dimensional barrier (124) in the vacuum space,
10 and
wherein the three dimensional barrier (124) prevents electrons (118)
from contacting the housing (110), the anode (116) and the cathode

(112).

15 2. The vacuum tube as recited in claim 1, wherein the magnetic elements
(102) comprise a pilurality of magnets (120) attached to the housing (110).

3. The vacuum tube as recited in claim 2, wherein the plurality of magnets
(120) are attached to an external surface of the housing (110).

20
4. The vacuum tube as recited in claim 2, wherein the plurality of magnets
(120) are attached to an internal surface of the housing (110).
5. The vacuum tube as recited in claim 1, wherein the magnetic elements
25 (302) comprise a flexible sheet of magnetizable material (320) covering the
housing.
6. The vacuum tube as recited in claim 1, wherein the magnetic elements

(420) comprise particies of magnetic material enveloped in a wall of the
30 housing (410).



4. The vacuumtube as recited in claim2, wherein the plurality of nmagnets
(120) are attached to an internal surface of the housing (110). 5. The
vacuum tube as recited in claiml1l, wherein the magnetic el enents 25 (302)
conprise a flexible sheet of magnetizable material (320) covering the
housing. 6. The vacuumtube as recited yp claim1l, wherein the magnetic

el ements (420) conprise particles of magnetic material envel oped in a wall
of the 30 housing (410). 14 7. The vacuumtube as recited in claiml,
wher ei n t he 7magn¥hé vacluamtublesas(rebitdd in@igimi 15 evherdia yrer magnetmpgierniestsmat er i al

(520) coated on rface of the_housin e vacyum tube as
recited in clai n@iympﬁ?ﬁa {aygr pLyEpNgiic grﬂétgﬂgl%(ﬁgé) ?PEE%CP?%F' S %%S°ﬂJs coat ed
on an external sm@‘m.r@f(smm housi ng (510). 9. The vacuumtube as recited
inclaim?7, wherein the |layer of magnetic material (520) is coated on an
i nt er nal surface of the housing (510). 10 10. The vacuumtube as recited

in claignl, svmer¢h@vaéudn¢ﬁﬁiea%r@a&éd |ﬂfclén|fhe7 Mﬁ‘th&la@éﬂﬂ&ﬁ‘é@heﬁlazo) is
novabl e rel ative to the housi nag ween a first position and a second

posi tion to varymaiahtRy9is ¢o erdswaanﬁxiqﬁr@'ﬁaﬁé%gﬁhw?wngW\&)e. n when at
the first position the electrons (218) are prevented 15 fromcontacting the
anode (216) and the cathode (212), and when at the second position the

el ectrons afe al Thewacyum Ehetaseciied NCiaim bydesein thrlayemeideagneict he

~cat hode. material (520) is coated on an internal surface of the housing (510).
10
10.  The vacuum tube as recited in claim 1, wherein at least a part of the
magnetic elements (220) is movable relative to the housing between a first
position and a second position to vary the magnetic field in the housing
(210), wherein when at the first position the electrons (218) are prevented
15 from contacting the anode (216) and the cathode (212), and when at the

second position the electrons are allowed to contact at least one of the

anode and the cathode.



