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The present mventmn relates tcr an nnprovement in
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S bursls extend generally normal to the melting surfa{:e of the

1etal, Althowgh the interior of the furnace is at all times

“continucusly evacuated to a low pressure, it will be ap-
“preciated that very rapid pressure excursions are possible

- when substantial quantities of gases and vapors are almost
_'.'.'_1nstfanta.neeusly evolved within the fu

‘nace. It is highly

- desirable to direct these gases and vapors away from the
~ electron beam sources, for otherwise damage to the latter

‘electron beam furnaces, and particularly to the improved

control and 1.112]112&1’.1011 of electron beam bombwardment
therein. - T |
Tt is first to be noted that an ele tron beam fuma,ce
egenerally COMprises a vacuum: tank havmg vacuum-pummp-
ing means attached thereto for continuocus eva cuating the
“interior to maintain a. relatlvely constant low. pressare
- therein. Within this tank there is disposed a container

- such as a water-cooled «casting mold’ hawng an open top,
and adapted to receive and contain metal, or the like, be-
| One or more electron
~ Ibeams are directed into the upper opan end of this casting
“mold to heat metal therein, and also, electron beams are

ing operated upon in the furnace.

employed to bombard and pmgresswely melt a metal in
~ the form of a melt stock disposed above the mold so that
such metal then ldnps downward into the top of the mold.

. Within the top of this mold, there is maintained a molten

pool of metal so that, in- addmon to the general casting

30 ‘magnetic guidance field for directing the trajectory of an -

 function of the fumace there is also ac}:ueved 2) mi..,tpmal
purification of the metal bemg cast.

In connection 'with the electron beams employed in an

‘electron beam furnace of the 1general type described @ above,

there have been proposed various methods and apparatus
 for controllmg and - directing ‘such -electron ‘beams to

15

. may occur,

In the electron beam furnace confrtguration
of the present invention, the main electron beam bombard-
ing the molten pool of metal is wholly removed from the

“area of the melt stock, and is furthermore entirely out of

line with the melting surface thereof. Furthermore, the
auxiliary electron beam herein provided for 'bombardm'g

‘the melt stock, is likewise maintained entirely out of aline-

. ment with the melting end of the melt stock. The con-~-
 figuration of the present invention provides for the sub-

- stantially complete removal of all electron beam sources

~ from any areas of substantial gas O Vapor pPressures, as

20
* ing operations within the furnace. d
- age in the present invention is the utilization of magnetic

may periodically evolve in the course of melting and cast-

guidance fields for directing the main pool electron beam .

into the upper surface of the mold, and the utilization of

25

this same magnetic :

patent application, there is -

- auxiliary electron beam onto the desired surface of a melt -

35

achieve maximum: utﬂlty therefrom.” In this respect, at-

tention is invited to prior copending patent application of
ace with

~ Hugh R. Smith, Jr, entitled “Electron-beam Fur

Magnetically Guided Beam,” filed in the U.S. Patent Office

on May 27, 1960 with Serial No, 32,215, and assigned

. to the same assignee as the pres&nt applmatmn and where-
-~ -“in there are disclosed. miagnetic guidance systems providing -
- an unproved electron beam furnace.

| . tion'is directed to a further mlprovement in this same field,

and. more particularly, to the provision of a separate or
_-auxﬂlary electmn beam source for melting the bar stock
“Particular advantages are possﬂale through

to be cast.

40 prior brief description of the features of the present inven-

- tion, taken together with the following description of
particular preferred embodiments hereof; however, no -
‘The present inven-

“the utilization of an addlltmnal or bar melt gun in that the

 main electron beam gun of the furnace may then deposit
substantlally all of the energy therefroJ “into the molten

pool in the mold, so as to attain a maximum energy
It 157 also.

B deposmon therein with a minimum size gun.
possible, in accordance herewith, to prevent the occurrence

of a relatively cooler portion of the molten. poc}l directly

‘below the melt stock bemg bombarded. This cooler portion

- of the miolten pool is kighly undesirable, and may occur =
from the interruption of some portion of the electron beam -
This partlcular pmblem._ |

| omgmally directed into the rpool

stock for bombardment of same. The present invention

then incorporates the advantages of the magnetic tgmdﬁnce

systems for electron beam furnaces with the further im-~ !
provement of an. arumhary electron beam for | bombardmg

“the melt stock without in any way reducmg the eﬁ'ectwe- |
_ mess of the main guidance system.

Viarious objects and advantages of the {present 1nvent10n
will become apparent to those skilled in the art from the

limitation is intended by the terms of this description, and_"'
instead, reference is made to the appended claims for a

~ preclse delineation of the true scope of this invertion.

“The invention is tlllustrated in the &aovompanymrg draw-

- mgs wherein:

FIG. 1 is a ventical, Sectwnal view throu gh an electron -

. beam furnace incorporating the nnpmvements of the
50 |

present mvenmon | | | |
FIG. 2 is a horizontal, sectional view of the central por-'

'_'.'tlon of the electron ibeam furnace illustrated in FIG. 1,
and taken in the plane 2-—2 thereof to show the locatlon '.

is herein overcome by decreasing the diversion of the main

- pool electron beam: by the melt stock, and fur

hermore
- by the addition to a particular portion of the pool of

60 *beam furnace, as #lustrated in FIGS. 1 and 2, it is noted
- that there is provided a vacuum tank 311 hr:mng vacuum- -

pumping means 12 attached thereto and encompas'smg a

~ further bomb ardmg electmﬂs fmm the au}uhary or bar:__;.l;

melt electron gun.

In accordance W1th the present umrentlon the bar stock. '

is continuously melted .to drip into the open. mold by 65

- bombardment with an electron beam directed in a trans-

" verse plane to the axis of the mold, a separate main elec-
- tron gun bombardmg the metal rmthm the mold. ‘Tt has
been found that.in.the melting of metal in an electron

“beam furnace, there are unavoidably produced gas bursts’
- from impurities in the original material being cast therein,

70

and furthermore, that these pressure excursions or gas

of the aux;liary electron beam source of this invention:

FIG. 3 is a vertical, sectional” view of an altematxve :. |

embodiment of the present invention; and

- FIG.4isa horizontal, se:ctlonal Vmw taken in the plane
4—4 of FIG., 3.

LConsidering tﬁrst the structural deﬁaﬂs of an el-ectmn |

casting mold 13. “An ingot 14 of cast metal is adapted
to be disposed within the casting mold 13 for. ‘bombard-

ment by an electron beam 16 from a distant electron gun .
17, disposed in substantial vertical displacement above the

casting mold. Metal to be cast in the furnace may be -
provided in the form of a bar or melt stock 18 nwqthm a
laterally extending bar trough 19, above and to one side

of the casting mold. Suitable feed means 21 are :prowded I
~for moving the bar stock 18 laterally toward the :
_'above same, so that electmn bombardment of the outer )

10ld.

Of particular advant-

field for directing the auxiliary beam
~onto the melt stock. In accordance with the teaching of

- the above-noted copending

~therein employed axial magnetic beam guidance, and there
is further provided herein for the utilization of this same



- to- remove heat theref

---bardment of the upper surface of the ingot within the
~mold will cause the metal thereat to remain molten, so as

- be =nppreelnted that electron acceleration and beam fom‘n-
 ingis produced by the establishment of relative potentials
~ between the elements of the gun, and thus consequently
o ground connections may be employed as desired, as long

- respect to the other portions of the gun.
- beam 48, established by the second gun 41, is shown as __

"_belng_,_,dn_'e‘eted generally circumferentially of_ the furnace
eonﬁgura.tion and it will be seen that this electron beam

'3’,10_'1_?515'_ ',

3

- by withdrawal means 22.-

of the ingot 14 therein. It will be appleeleted that bo' 1~

to form a pool 14" atop the ingot.

~-upward a distance equal to the magnet radius. This par-
ticular magnet configuration approximates a Helmholiz

N - coil arrangement so as to thereby establish a magnetic
field having parallel lines of force. through the annular .
magnets, and consequently, into the upper surface of the

~ mold. ‘Suitable means are provided for ‘energizing these

magnets to establish the magnetic field, hercin identified
- by the dashed lines 28. These energizing means may, for

example comprise power supplies 31 and 32. Suitable
. energizing means, such as a power: supply 33, are also

. provided for the electron beam gun 17, Wthh Wlll be
" seen to be illustrated as an annular electron source hav-

10

| The maguetic guid-
- ance means herein employed 1ncludes a pair of identical
~ annular magnet windings 26 and 27 disposed coaxially
- with the mold with the lower magnet immediately about
‘the mold top, and the upper magnet displaced vertlcally. |

R end of the bar stoek wﬂl heat same to a meltmg tempere-
ture whereby the metal will drip downward into the. top -

- of the mold. This mold 13 may, for example, be formed -
 of copper, with suitable passages for water, or the like, -
om, and the ingot 14 may be con-
tinuously withdrawn from the rbottom of the mold as

| | - . bea
. Magnetic guidance is herein employed to eehleve a'
~ - highly ndvantageous direction of the main electron beam:

16 downward into the open. top of the mold onto the ‘top

;___snueh as the eleetron beam is trnvehng generally per- o
B pendmulnrly to the established magnetic guidance field,
- there is applied a deflecting force to the beam so as to
~ deflect the trajectory thereof into a generally spiral path,
as illustrated. By the ntlhzanon of suitable electron beam

accelerating: potentlals and gun placement, the eleotron;_; o

1 will be seen to be curved back into Ampingement

with the forward face or surface 18’ of the bar stock 18.

- 'The magnetic aguxdanee field, described above, and pro-
~vided for the purpose of directing the main electron beam
- 16 into the pool of molten metal atop the ingot 14, will i
‘thus be seen to likewise herein serve to deflect the tra-_--

~ jectory of the second electron beam 48 into direct 1m-_

20
- In thisi

30

ing accelerating means for directing copious quantities

- of high- -energy eleetrons downward and nadlally 1nfwardt--- ’

th erefrom.

To the extent prewously descnbed the eleetron furnaee L
35
ffec-
The present in-
~vention provides for a distinct improvement in the above-
- described electron beam furnace by the provision: of a -
second or auxiliary electron beam source 41, disposed.
~ above the. casting mold 13 and radially out\sratrd there-
| ._-l'fEfI'OIIl In the particular furnace configuration illustrated,
~ the second beam source or electron gun 41 is dlsposed; |

. hereof is disclosed in the above- noted copendmg patent
| applloatlon and has been found to produce. highly ef
‘tive casting and purification operations.

plngement upon the leading surface of the bar stock 18.

15 |
g SlZOCls by the auxiliary or second electron beam 48, as

This bombardment of ‘the front face 18’. of .the bar-

same, is deflected by the magnetic guidance field 28, serves“ |

to theat this forward face and ‘thereby to melt same, so

" that the bar stock drips downwnrdly into' the open top of . = -
‘the casting mold 13 to form a part of the ingot 14 therein. .
anner, the bar stock has the front face 18’ thereof
“maintained substantially verfical, inasmuch as relatively
- uniform bombardment of all of such face is ‘achieved by
- the -auxiliary beam 48. |

25

- Consequently, gas and vapor.

bursts which may occur from this front face of the bar.

stock, will be seen to be directed laterally across the upper |
surface of the mold away from all electron guns in the

furnace, and preferably, toward the evacuation means of =

the furnace.

The energy employed to melt the bar stock

will thus be seen to be provided by the auxiliary beam: 48,
-rather than the main beam 16, and consequently, ell -
energy of this main beam is thus available for maintain- @
- ing a relatively even temperature in the molten pool. 14"
above the ingot, so as to preclude the posmbﬂrty of rela- -

tively -cool spots formlng in such pool. Despite. the

- direction of the auxiliary beam 48 in a generally horizon-

40

between ’uhe two annular magnet coils 26 and 27, along- |

- side the bar trough 19. This is best illustrated in FIG. 2,

- wherein it will be seen that the bar gun, as -same may

- herein be denominated, is disposed immediately adjacent

- .the bar trough 19 radially outward of the mold 13.
© 'The particular configuration of the second electron gun

" may be varied considerably with the limitation that the 50

. gun is to produce a high-energy electron beam directed

45

-in a generally horizontal plane, somewhat inwardly to- -

~includes an electron-emissive cathode wire 42, disposed
within a reentrant cavity in a backing electrode 43, and

Energization of the eleotron—emlsswe

emission, and the application of a relatively positive po-

' ‘tential upon the anode 44 with respect to this cathode and -

' backing electrode 43, as by means of a further power

- ward the axis of the furnace. The electron gun dllustrated

.55
 having an anode electrode 44 displaced outwardly of such

~ reentrant opening.
- cathode 42 by suitable means, such as a power supply 46,
“will raise the temperature of this member to electron

60

.. - supply 47, W]lll cause such emitted electrons to emerge |

from the gun in a high-energy beam 48. It will, of course, |

_as the anode 44 is maintained at a positive potential with

The electron

65

tal direction, it will be appreciated that certain portions =
of the beam will unavoidably traverse paths which are -
other than horizontal, and consequently, electrons follow-
ing such paths will then be acted upon by the magnetic . -
 field to spiral downwardly into the top of the open mold.
13. This further serves to provide additional bombard-
~ment of the molten pool 14’ in the casting mold, and con- .

sequently, to insure the presence of a full molten pool'
therem | |

~ An alternative embodlment of the present mventmn is. o

illustrated in FIGS. 3 and 4, and referring thereto, there
will be seen to be provided a pair of metal plates disposed =~
on opposite vertical sides of auxiliary electron gun 41.
These plates 51 and 52 are formed of a ferromagnetic
~material to serve as magnetic shunts, and may each have
-the form of segments of a circle, as best seen in FIG. 4.
Radially outward of the electron gun 41, there is provided =
a vertical wall 53 joining the magnetic shunt plates 51 and

52, and likewise formed of a ferromagnetic material. It

will be appreciated that the ‘magnetic shunt deserlbed__ |
above, and enveloping the auxiliary gun 41, will serve .

to very materially decrease the magnetic field strength

in the vicinity of the gun itself. This serves the substan-
tial adwantage of decreasmg the amount of electron beam -

‘curvature in the vicinity of the gun radially outward of

the axis of the furnace. In this manner, it is then possible

to employ a mueh lower accelerating potential for the

auxiliary electron gun, and. vet to attain the desired elec-
tron beam trajectory terminating npon the leading face

of the bar stock 18. As illustrated in FIG. 4, the elec-

tron beam emerging from the gun 41 is subjected to only

. relatively small magnetic forces thronghout the initial - '

70

‘1s traversing a- path which is perpendicular to the mag-

netlc ﬁeld 28, estebhshed by the coils 26 and 27. Inas-_

75

portion of the trajectory thereof, and, in fact, until such
beam reaches the central axial portion of the furnace
whereat the beam enters a very strong magnetic field nor-

mal thereto. This strong magnetic field will then deflect '

the beam tra]eetory so that the beam is, in fact, curved . - |
back around to impinge upon the leacllng face of the bar =
stock By the magnetic slneldmg of the aumhary elec- o



o tron gun, 1t is herem posmble to matenally reduce the re- "
~ quirements imposed -upon this-gun in order to achleve .
the desired electron beam tra]ectory therefrom |
oIt will be appremated from a consideration of the loca-
~ tion of the electron beam guns of the improved furnace -
~ of :this invention that same are disposed entirely out of
- the area of maximum contamination, wherein gun dam- -

. age may result from bombardment by ions formed in the - - disposed laterally of the container, means for accelerating =

R 3101515

~furnace or from .the deposition of wvapors thereon, as

evolved durmg the melting and casting 0perat10ns In

10

~ particular, it is noted that'the auxiliary gun 41 is dis-

- posed laterally outward of the ingot and mold on the same -
~side ‘thereof -as the ‘melt stock, so that gas bursts, and
o the like, occurrmg upon the. meltmg surface: of the latter
~ will not direct vapors or gases toward the gun. A very 15
- substantial electron gun longevity has been reahzed with

- open top of said contamer a source of electrons dlsposed -
~ above said container, means for accelerating electrons in-

- dependently of the container and toward same whereby -
_the accelerated electrons are gulded into the container by
‘the converging magnetic field, means feeding a metal melt

stock laterally toward said container immediately above

. same and below the source of electrons, an electron gun

“an electron beam from the gun 1ndependent1y of the melt -
stock transversely into said magnetic field whereby the

bea

1 from the gun is ‘magnetically deflected to traverse .

' a curved path in a substantially horizontal plane into im- "

“the furnace conﬁguratmn hereinabove described, and in

~ particular, it is noted that the auxiliary electron gun even

1@what closer proximity to the
" “molten metal than the main gun 17, is' likewise ﬁully pro-

- f-eCted particularly agamst ion botnbardment, inasmuch as
- the ions generated imi

 though positioned in so

: Lemploymg magnetic guidance.

o5

‘invention and the above description of particular pre-

- furnace.

- ferred embodiments thereof have, in part," referred to
o schematic represenbatlons of pa,r‘mcular portions of the
“Inasmuch as such portions form no part of the
- present invention, and are not novel to this particular'_- |
* furnace, no ‘detailed discussions of same are herein in-

cluded. With regard to operation of the furnace, same

is believed to follow directly from the above description,

- and the teaching in prior-filed patent applications rela- 40

tive to electron beam furnaces of this general type. A

- continuous casting process may be performed with the
. furnace hereof by continuously mthdmwmg the solidified
- ingot 14 from the lower portion of the mold 73, while

- ‘adding molten metal to the top of the ingot to form the

- pool 14’ thereon, which will be seen to solidify as the

_ ingot is slowly withdrawn dawnwardly through the mold.

. Likewise, the bar stock 18 may be continuously fed into

~ the proper p051t10n for melting by the auxiliary electron
gun 41 by an suitable means such as those schemati-

45

" further defined by |
-'second. electron beam source and dlrecnng magnetic flux

thereabout for maintaining a minimum magnetic field -

- strength about sald second sourcn radlally outward of Sﬂld:,‘

- mold | L -

jplnﬂement with said melt stock above the container and -
to melt ‘same, means defining a single chamber. encom-
‘passing-at least the top of sa1d container and said elec- .
tron. source and: electron gun, and
-"_-evacuatmg said chamber. -

eans contmuously o

2. An electron beam furnéii:e as set forth in. clalm 1

further defined by means maintaining said magnetic field
-substantially axial of said mold for a distance’ above: sald_
o _'mold beyond said second electron beam source. = .
| ediately above the molten pool
'_ will generally be- constrna,med by the guldmg magnetlc

~ tield to move axially of the furnace, rather than radially
. outward ‘as rwould be reqlured for same to reach. the
_._'I';-"‘_auxﬂlary gun. ‘The improved bar stock melting of -the
* present mveutmn is thus achieved without any sacrifice in
- the longewty of the furnace or any other of the advan- =
- tages accuring to the 1mpr0ved electron beam furnace u
30
It'will be appreciated that the ﬂlustratmn of the present

3. An electron beam furnace as set forth in claim 1,

jagnetic shunt means adjacent sald.f-.

-4, An 'electron Leam furnace camprlsmg a ﬁrst annular |

'._electmn gun disposed about a central axis therethrough

and producing an intense high energy electron beam there-
from, an open-topped container disposed below said first

_gun in axial alinement therewith, means for accelerating
~the electrons from the first gun independently -of the con~

~ tainer and toward it, means coaxial with said container .
35 - esﬁabhshmg a magnetic field having lines of force emerg-
ing axially from the open top thereof and diverging up-

wardly for guiding electrons from said first gun into the

open container top, a second electron gun displaced later-

ally of and above said container and directing an electron

beam transversely into said magnetic field for deflection -

thereby into: focus -above one side of the container top,

- the second gun being disposed below the first gun, means
feeding melt stock below the first gun and laterally of
 said container above same into said second beam focus

for ‘bombardment and continuous melting whereby said
melt stock drips into said container for further electron

~ bombardment therein, and means for accelerating elec-
“trons from the second gun mdependently oif the melt stock -

| transversely into the magnetic field.

| o0
- cally illustrated at 21. It will be’ appreciated, in the op-
- eration of this furnace, that the feed of the bar stock 18
~is adjusted to the energy dep051ted upon the leading edge
~~ thereof by the auxiliary gun 41, so as to maintain the
" molten metal dnppmg downwardly into the pool within
~ the casting mold. Control over the relative feed rates of
~ the bar stock 18 and the withdrawal rate of the ingot 14
. is left to the discretion of the operator of the partlcula,r'

furnace, and it will be appreciated that the rates em-

o ployed are dependent, in part, upon the energy of the de-
 posited beam and the particular material being cast in the -

furnace. In accordance with prior developements in this
~ field, the electron bea

etals

tank serves ‘to remove volatile impurities in the metal,

~ and furthermore, the molten pool maintained atop the

metal serves to float those mscluble lmpurltles Wthh are
Jighter than the metal ‘being cast. ~
What is claimed is: |

1. An electron beam fumace compnsmg a contamer

. for molten metal and having an open top with a vertical
- axis, means estabhshmg a magnetic field symmetrwally
about sald axis with hnes Of force convergmg mto the

60

o n furnace hereof provides not only
o for the lmpmved casting of hlgh-temperature 1

© but ﬁurthermore provides. for- the punﬁcatmn of same,
. inasmuch as the ]:ugh vacuum maintained in the furnace

65

5. An electron. beam furnace as set ﬁorth in claml 4 '

further defined by means directing said magnetic field
about said second electron gun to mvamtam a Ilow mag-

netic field strength thereat.
6. An electron beam furnace as set. [ﬁomh in cla.lm 4,
further defined by a pair of ferromagnetic plates disposed

0one above and one below said second electron gun radi- '
~ally outward from said container and connected by a ferro-
- magnetic piece for shunting said snagnetic field about said =

gun and thereby decreasing the beam acceleration required

~ to attain focusing of same upon the metal fed Ia,temlly ovVer
" the container. |

7. An electron beam furnace cempnsmg an annular
elect 'on gun having a vertical axis and dmrectlng high en-
ergy electrons downward toward such axis, a casting mold

-_.ha.vmg an open top disposed coaxially with said annular
~ gun in spaced relation beneath same, 1

eans establishing

. a magnetic field axially thnough said. mold in radral diver-

gence through said annular electron gun for guiding said

- thigh energy electrons into the open mold top, means for

170

“accelerating electrons from the annular gun independently

- of the casting mold and toward it, means feeding melt

75

‘stock below the annular electron gun and laterally toward
said axis immediately above said mold, and a laterally dis-

pE]L&CEd electron beam gun disposed radjacent said last
means radlajlly nf sald mold directing electrons trans- .



3,1 01,515

R Vensely over the mold perpendlcule,nly ehmugh said- mag—-_:‘--.-_
. netic. field-for..deflection. in- a curved ‘trajectory onto 2.
. front. face iof said melt stock above the mold to melt the -
© melt stock whereby same drips downward. into the mold
. for.further electron bombardment heating therein, means
- for. accelerating electrons from the Jaterally d1sp1aced gun -
©independently OF[ the melt stock feedmg means transversely -
through the magnetic field, and. means evacuating a cham-
- ber encompassing:said. electron. guns zand mold tmp for -
R mamtammg a high vacuum.therein. : . ;
- 8. An:electron: beam. furnace. as- set forﬁh in claim '7 |
. further characterized. by a pair of 1
- posed one.above and one below said- laterally displaced.

5

10
agnet pole pieces dis-.

~ electron . beam: .gun:and :connected by a magnetic shunt.

radially outward of 'said. gun for establishing a low mag- 35

R - -netic field regmn about said electron gun and a high mag-

~ netic field region radially inward thereof ifor estabhshmg o

- said electron beam trajectory onto said metal.

" 9./An ¢electron-beam furnace comprising a mel«::'h having
- jan-open. top, a first annular . magnet wmdmg disposed

o f,2 321 886

around the mold.and adjacent the top of the mold, a sec- .

| ond annular; magnet winding spaced above the first. and
S --dusplosed amund an @axis.passing through the mold and first -

- winding to form.a Helmholtz coil arrangement to establish -

paraliel. 1

1agnetic. lines ‘of force between the two coils.
- and into the top of-the ‘mold, the lines of. force- converg--

25

| mg mwa.rdly and 1dewnwerd¢ly frem anove the seeond o
- winding; a first electron beam-source disposed above the. .

- second coil, means for acceleratmg -electrons dewnwardly} AR
sand inwardly from the. first source- along the: -converging .~ -
-magnetic lines of force for. guidance-into the: open mold

- top, means feeding a metal melt' stock lateralrly over said-
- mold. from-a point. between the two-coils, a second elec~
- tron beam source disposed at- a level between the first-and -

- second coils and laterally spaced from the line along which - -
‘melt stock.is-fed, means for accelerating electrons trans-
versely into the magnetic field- adjacent said ‘melt stock .
for deflection by said magnetic field to ﬂ:remtbard the lead- =
ing surface of said melt stock to melt same, whereby said ~.
metal drips from saidmelt stock into said melld for rfurﬁher?--;‘_ R
_heatmg uby eleetmn Fbeu )

lba,rdnwnt ﬁherem
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