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o all whom ¢ may concern, ;, ' :

Be it known that I, CrARLES B, Frirz, of
Oneonta, in the county of Otsego, and in the
State of Naw Yorl, have invented g new and
useful Method of Sep:iraﬁng Iron or other
Magnetic Metals from Grain or other Sub.
stanees, which method is fully set forth in the
following specification, : :

The invention relates, principally, to the
method and ‘mears of removing fragments of

‘iron, whether in the form of wire or other-

wise, from wheat or other grain before grind-
ing, or from otker substances with which the

“iron is mingled.

It consists in first passing the giain or ofher
substance through screens, siever, gr other
suitable mechanical means for separating the
larger pieces of iron, if there are auy.such in
the mixture, then passing it through my elee-
tric or magnetic separator, by which the re.
mainder of the iron is removed. - . |

Heretofore grain has been passed throngh
tr. ughs cohtaining” permanent maghnets, to
which the iron would adhere, while the grain
passed on. This process is objectionable be-
pieces of iron require to be Tremoved
by band by an extra operation: or process,
and also because the magnets gradnally lose
their strength by the Jjarring, &c., incident to

use. ‘There are also other objections. Toavoid

all these I ‘employ temporary or induced mag-
nets, which I can charge to any reqgiired
strength, and can magunetize and 'demagneb-
ize, as desired, The particular form of appa-
ratus which I consider preferable for employ-
ing them in is a revolv..g ¢ylinder made of
wood or other non-magnetic. material, having
strips or lengths of soft iron at-
tached to the interior surface. These strips
are magnetized-during one portion of the rev.

ed daring another por-
tion, whereby the iron adheres to the strips
while mugnetized, and is carried to the upper
part of the cylinder. The strips are then de-
magnetized and. the iron drops, falling upon

‘a trough, apron, or receptacle, down the in-

ot ‘which it passes to the out.
grain passes out throngh

clined surface _
Iet, while the cleaned
the open end
any suitable

of the cylinder, and is. caught in
‘apparatus, the -nature of which
on the disposition which is to be

———————

made of the grain, Other substances are sep.
arated from the iron mixed with them infa.
similar. way. . : :
In the drawings,
tical section of the Separator in the line  #,
Fig. 2. Tig. 2ig a transverse section through
the center, Fig. 3'is an end view, Fig. 4
shows the means for properly connecting the
electrie wires 'with the magnets, &e. Fig. 5
is a view ¢t the apper hub of the Separstor,
with commutator, brashes, & Fig. 6 is a
top view of an electro-maf,{net, a d, with twoe
strips, B B, connected iwitl its eores. Tig. 7
illastrates one method of connecting and driv.
ing-the separator B aud generator G from the
driving-shaft H, with its pulley. -
* Similar letters of reference indicuts corre.
sponding parts. ] ' s
"The mechanieal means for removing the
largest fragments: of iron heed  not be de-
scribed, as any apparatus may be used ‘which
may be found most convenient;-and in some
cases the grain may be free from large pieces,
and can be
rator. .
A in Fig. 1 represents - the shell of the eyl
inder, which ean revolve on hollow journals
at the ends, in the usual manner; but { prefap
that hollow hubs- % &
ers ¢ ; Fig. 5. The tollers not only obviate -
the friction consequent upon the large size of
the hub, but the use of the hollow hubs alse
obviates the following defect: Owing to the
inclined position of the
Journals were used. the’ oif would -drip from .
the upper bearing into the. interior, or ran
down the outside and into.the spout ¥, and

not only injare the grafh, bat interfere with..

Figurel represenis a ve- 3

I
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passed directly through the sepa- 78

turn on friction - roll. 8o

eylinder, if the asual 8};

the proper working of the appartus, .. &% the go

lower bearing tlere may be, besides the ap-
right rollers, one or more rollers bearing
against e end or shoulden of thd hyh, 14
keep the separator up to its place and resigg -

its longitadinal downward thrass, Thesemay gc.

be advantageously placed it
of the hollow journal.

When' the habs are properly supported the.:
feed-pipe P and the oustlet-pipe. p nesd nos.
bouch 1 their habs at-all, bat
‘through and be supported by the contesting: -
parts, or by the’ standards § of .the separator,

the top or sides .

pass Joosely roo



. ply.¢an be regulated

10

- lower end into the

" glean. or the magnets
the grain can. be cleaned in one revolution..

ig

20,

2

The _inlet-pipe P ig connected, with a hopper

or reservoir containing the grain to be sepa-
rated, with a gate or valve by which the sap-
or shut off. - The inner
end -of P curves down. nearly to the bottom
of the separator, to deliver the grain near the
end of the cylinder,
ing it thinly as it falls. . ,

The inclination of the cylinder is_sufiicient
to cause-it to make about three revolutions
before the grain'is
trongh or spout F. Thieis
not essential, however,as, if the grain is nearly

are strongly charged,

The apparatus can therefore be constructed
to operate on the material as rapidly as de-
sired by increasing thie inclination of the eylin-
der, and also the strength of the magnets.
The axis of the separator may ‘be horizon-

~"tal and the outlet end made larger. than the

.30
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" alternately, positively

40

. :ofher, to give the necessary
o earrying out the. grain, - ) ) .
.~ T'ig a trough, apron, or receptacie for eateh:

inclination for

ing the iron, reaching across nearly the entire

widthi of the separator from one end thereof

to the other, properly
tionary pipes P and. p. The middle of this
‘trough inclines, as shown, from about two-
thirds the diameter of the eylinder down to

supported ou the sta-

_ the bottom of the outlet-pipe . The.edges,
however, may be nearly at the same height

from end to end, - - . : .

B B are strips of soft iron attached to the
interior of the shell A of the cylinder, Pigs. 1,
9, and 6, 1ongitadinally, being: best. atranged
around the cylindeér, so a8 to be magnetized
and negatively. These
strips are of any suitable number, depending
on the diameter of the cylinder and the power

- of the maghets.

45

50

" e drawings show sixteen strips connected
to eight magnets, They may have 2 smooth

- surface; but are better to be corrngated, the
. edges slightly turned

upward,or to have their
surface formed in’ projections of any kind for
stirring the grain and insuring contact with
the fragments of wire. o these strips are
fi'mly attached the ends of the cores.of a se-
riep of electro-naguets, of, suitable construc-
tign and of equal strength, secured to the shell

“ A The ends of the wires of the two coils & e

55

are led to and ‘connected with the contact-
pieces b b, Figs. 1 and 3, one for eacis coil.

~ When the curreut is_sent through the two
contact-pieces b b’ and the two coils a & of

" magnet 1 the two strips B B’ in contact with

6o

N

its cores are magnetized by induction, one
positively, the other neégatively.

For convenience in showing the connections,
Figs. 2, 3, and 4 are divided into eight imagi-
nary sections, each one having & magnet, tWo
coils, @ a, two strips, B B, two contact-pieces,
b I, corresponding to the coils, - - ‘

The current is sent through the magnets in
sections 5, 6, 7, and 8, and is shut off from
those in sections 1, 2, 3, and 4. The eylinder

and also wssist in spread-.

discharged from the open’

“other source of electricity;

“with b, thus sending

‘inder or eolnmutator,

223,901

revolves.in the direction of the arrow, and as
each magnet comes into the position of section

5 the current is sent through it, and it con-

tinues charged till it reaches the position of
geetion 1, when its
edge of the trough T. The current is then
shut off, the strips B B’ are demagnetized,
and any iron adhering o the strips drops into
the inclined trough and passes out through
thé pipe p. S C

In order to insure the dropping of the iron
at the instant that the current is shut off from
magnet 1 it is reversed momentarily, giving
the strips opposite polarity, and having the
effect to repel the iron. : .

The eurrent is sent through the proper mag-
nets by meaus of two curved brushes, ¢ ¢/, ar-
‘ranged in contact with the contact-pieces of
the magnets. The brush ¢ is connected with
the positive wire; ¢’ with the negative. .The
current divides in the brushes, going equally
through the different magnets whose contact-
pieces are touched by the brushes. In mag-
et 1 it passes from ¢ o v, to o/, to @, thence
back to b, and oub through ¢/ to the battery or
and the same with
magnets 6, 7, and ¥ Conseguently it passes
suceessively through all the magnet-coils as
they come into section 5, and coutinues.to
fiow through them till they reach -section 1,
when contact with the brushes ends. and the
current is shuf off from them,’ _

The currentis reversed by the means shown
in Figs. 3 and 4. At the forward ends of the
contact-pieces the two series are prolonged to-
ward each other. The forward end of the brash
¢ is similarly widened. There iy a correspoud-
ing widening ab ¢/ for the brosh ¢/, and electri-

cally counected therewith, but not consinttous .

with 1t. These widenings are aot prolonged
far enough to reach the other eircle, either of
‘brushes or contact-pieces, bub s¢ that the pro-
jection of one can reach over and make good
contact with the other, as shown. . -

The contact-pieces b b’ of magnet 1, Fig. 3,
have just gone out of con tact with the brushes,
and in the position shown ¢he brush ¢/ is in
contact with the side projection of ¥/, and ¢
the eurvent throungh mag-
net1 in the opposite direction to thatin which
it had up to that ingtani been flowing. ,

Bylengthening tho lower ends of the brashes

they will counect gooner with -the magnets,

and by shortening the upper ends they will
disconnect sconer; but the proportions shown
will generally be found sufficient. - =
In practice, however, it will be found bet-
ter to have the contact-piecesona smaller oyl-
g, arranged

instead of on the end. The

of the separator
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strip B is well over the -
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on the hub. -

eylinder is of ebonite or other suitable non-con- |

ducling material, and the contact-piecgs prop- -

erly fxed in its surface in two circles, as be-
fore. '

Phe wires from the magnets, pro_perly insu-

lated, run to the end of the geparator-cylinder,

anavinant
LAPaARa¥T2l

and inward © =% +heir correspond-
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These are not placed in
the commutator as their
Taagnets, but so that the brashes cay oceupy
the apper half of the eirele, ag shown in Figs.
5 8and 1, where Dis a segment of non-conduct-
ing material, carrying the two brushes insy.
lated from each other, and arrapged to-rest in
contact with their respeetive cireles of contact-
pieces,.as before deseribed. This segment Iy
we adjbining stationary part,
80 that it can be adjusted in_ position and
broaght up to the commautator as the brushes
wear, or readily removed for repairs or for the
sabstitution of new brashes, &e. :
15 Fig. 1'shows the “ﬁﬂxxta(:t~pieces b ¥ both in
" the position of Figii8 and on the comimutator
G, asin Fig. 5. . The magnets and their wires
ars entirely covered by the outer casiy g of the
cylinder, so that_they cannot be distarbed or

20 injored whilé the machine is in use,
In order to test whether the separator is
too. much inclined for the strength of the mag-

ing contact-pieces.
the same sections of

nets, or if theigrain is fed in too rapidly, I at-.

--tach & flat plate or supplementary trough, ¢,

25 to the lower end of the tron gh T, and above

the latter. . Should any eonsiderable guantity
of iron drop on thig plate, the strength of the
ourrent shionld be inereased oy thie feed of the
grain be/ﬁminished by the gate or vaive at the
30. iulet P;/but if it catches little or uone the
working is correct. This plate can be seen
through the open lower end of the separator.
It 18 attached by its lower edge to the gides
ofthe trough T, and held up to its place by a
35 spring or counterpoise, so that it can bé caused
t;v discharge whatever it has caught by pash-
ing down ifs upper edge; orit may be
Al any other suitable manner., )
/ The contact-pieces must, of course, be kept
40 clean, the convsctions of the different wires to
; them and to.ths magnets unbroken and-prop-
i erly insulited, and the brushes in condition
to make good contacts with all the contact-
- pieces as they come under them. To tess
45 whether these points are correct, reach a picce
of soft-iron wire in through .the open eund of
the separator, and by tonchin g the strips which
are magnetized it can befelt w
is held or not; or a handfal of

arranged

iron fragments

5¢/ can be thrown in while the Separator is tufi-
ing the feed for the grain,,.

J ingand before open
to see if they are proiptly gathered uap and
caught in the trough T, B

o If auy particalar strips B need to be inore
55 strengly magnetized  than .others, or for any

" reason 15 is desirable to-divide the eurreants
differently, eacli strip or each set can have ity
own circle of eontact-pieces on the commuta-

. tor, and the brushes and wireg be arranged to

j6o produce the particular effect desired, in con-

general system Dbefore de.
seribed, . ‘

I donot confine myself to the precise forms

amd arrengements shown ;- butany eqaivalent

63 construetion which will ‘accomplish the same

 results may be used. For exsmpls, instead

of tho magnets being counscted with the atrips

méthod is. preferable; unless the strips are

hether the wive:

3

as shown, they may
their ‘ends; but - the former -
70

B 45 or pear the middle,
be attached at

quite short.  The strips can also be arranged
around the cylinder instead ot‘longitudinally;
bub in that case-they shoald not be longer
than can discharge at one time into the trough.
The commutator can then be arranged to re-
verse the current as each set of strips comes
exactly over the trough. - -

Instead of cmploying electro-magnets,to in-
duce magnetism ‘in the strips, as deseribed,
the thin shell A of the separator can be wound
with insalated wire, making it a large hollow
coil, inducing maguetism in the 8iTips when
the current passes through the wire. In this
case thée commutaior should be arranged to re-
verse the direction of the current about three
times to each revolution of the separator, so

75

8o

85

.

I that as each sectional one:third of the surface.

came over the trough, it would be  cansed o
discharge the ivon it had carried ap. »

Tnstéad of electro-magnets ora wire ‘coil for
magnetizing the strips, permanent’ magnefs
may be used, the poles of which set on contdet-
pieces connected ‘directly to the strips, sub-
stantially as shown in Fig. 6. These magnets
should either be of the borséshoe form, or at g5
least have their ends or poles bent a litile ont
of straight line.. The coils a o aroind the
contact or pole.pieces are then used to -neu-
tralize or reverse the inductive action of the -
magnets on the stripsB B’ by sending a cur-
rent through them -in the proper direction
when they arrive in..the position shown in-
Fig. 2, and thereby cause the discharge of the
iron fragments; as already ‘deseribed. . :

The coils can Be dispensed with, if desired,
and any saitable weans used for neutraliz-
ing, preventing, or reversing the induction ac-
tion of the magnets on the soft-iron strips at -
the proper times by removing their poles from
the contact pieces or stripa or otherivige.

As the different magnets come over the '
trough a projecting arm or lever counected
with any convenient adjacent statienary fix-
ture would cause tire magnets ioslide off those
contact-pieces.and onto.others, and so Teverse.
the polarity of the strips, or merely demagnet-
ize them, as preferred. In the latter A8 an-
other armi or incline would. replace the mag-
nets as they were lowered on the side by thie
tarning of the eylinder.  Ths magnets can be
arranged inside and the strips for astaching
the wire be placed on the outside ol 'the sepa-
rator,.and operate. in. snbstantially the same
way ; but I'regard the éonstruction described
as better, as an internal sorface is more €on-. 125
venient, better adapted W secure a thorough -
cleaning, and the nction is more under control
in every way than an external one, whether
the fatter is cylindrical, eurved, or plane,

The game effect can be produced in substan:
tially the same way by using permanent merg-
heds directly for attracting aind “scizing the
irou, and at the proper time causing them to
face or pass the gimilar poles of other mag-

.90‘

1iac

165

b 3 Lb)

115
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‘gets of equal or greater strength near their

ot

other ends, thus practically néutralizing or re--

versing their magnetism and causing them to
release and discharge the irons but I do not
consider this method as desirable as that with
temporary or indoced magnets, for the effect

“will be to more or less rapidly destroy.or re:

~ verse their permanent magnetism.

I0.

15

20

25

_ theiron will drop.

30

" other,

. the same as the iron strips.
_ petism of the wire is reversed by reversing the

35

Tt is an improvement to add another series
of stationary permanent magnets with eppo-
site poles facing the outer ends of the mova-
ble magnets, so placed as to add totheir power
during the time they are holding the frag-
ments 'of wire.. They will also tend to pre-

gerve or increase the strength of the moyable
magnets., This arrangement can be applied to

the trough-separator described farther on. *-

Still another metliod of applying the prin-
" ¢iple of my invention is, instead of using per--

manent magnets or magnetized strips to seize
theiron, to distribute a naked condueting-wire
over the surface of the cylinder, the different
coils or lengths being insulated from each
other and from the cylinder. ‘When the cur-
rent is-sent through this wire it becomes, in ef-
fect, one longmagnet, and will attract and hold
the fragments of iron, as described before, till
the current is broken at the proper time, when
The wiremay be laid either
to and fro, from one end of.the cylinder to the
the different lengths being nearly par-
be wound around the eylinder
The quasi-mag-

allel, or it may

direction of the current passing through i, -
.+ The commutator deseribed and shio wa in the
drawings,

- guitable means for properly making apd break-

45

. perinanent magnets are )
better, as the jarring would weaken the mag-

55
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ing the connections may be employed for op-

erating the -separator. : -

The separator mnay be revolved by belting
or gearing; but the latter is preferable, ds the
slight jarring produaced by it assists the iron
fragments to slide down the wough T3 but if
used beltiug would be

nets. The pulley or gearing can be applied
to either end of the separator, or the belt can
ran aroand the separator-cylinder itself as &
pulley, as shown, at Bin Yig. L.

“The counection between the separator and
the dynamo-clectric machine may be direct
by Dbelting or gearing, or be made indirectly
thirowgh intermediate shafting, &e. The lat-
ter is preferable on aceount ot the difference
between the speeds of che two. - As the gen-
erator 3, Fig, 7, makes about seven. handred
revolutions per minute, while the separator by
will make, say, five to ten, jt would be difficald
to connect them direcfly, but is easily doue
by intermediate shatting, as shown in the fig-
are. This counection,as before observed, may
be made by belting, gearing, or any suitable
means. If tlhie speeds of the genervator aud
geparator are not to be varied in the same pro-

although very convenient, is by no |
means the onlyavailable coustruetion; butany .

‘portion; the pulleys, &c., are arranged to p}:‘p~

duce the desired difference..

. The electric current for. charging the elee-.

tro-magnets may be supplied by a battery or

by a dynamo-electric machine ot any suitable
construction.’

70

The machine -is preferable, as -

itis less tronblesome and ean- be better taken R '

‘care of by unskilled persons, and its speed can "

be so arranged in propertion to that. of the

separator asto furnish acarrentofany strength'’

required.  When so arranged, it thé separa-
tor shonld be turned faster the machine will
also turn proportionately faster, furnishing the

same quantity of cirrentto each revolution of

the former, by which means the separatormay
ater quantity of
The machine must be ar- -

be caused to elean a much gr
grain per hour. )7
ranged-to furnish a constant and not an al-
ternating enrrent, so that

the strips B on the

g

rising side, when magnetized, shall remain o

till they come over the trough T, dsa Lreak
« N il Rt Ml

in the enrrent before that time would dgop the
iron back into the grain. o ’
There are many other ways, unngeessary to
deseribe, of applying this prineiple of my in-
veution, which cotrsists in separating and bold-
ing the fragments of iron by means of mwag-

G&
R

nets in the form -of.strips, wires, or bars,

whether permauent, temporary, ov induted,
whose magnetism is then antomatically oves-
come, neutralized, discharged, or reversed at

auel thmes that the iron they have seized will .
a suitable receptacle separate

be dropped into
from the grain or other substance with which
it had been mixed. It thercfore does nob.ir-
clude the nse of magnets for gathering the
iron,.as that is old; but only the maguets in

substantially as 1 have deseribed, whether the
separator be iuternal; external,
shape. .~ , o ,

The different variationsof formi and arr -+ ge-.

9%

_connection with the means for utilizing them,
By
or of any otjor’

ment in the several partsisuggested. in this

specitication ean, of course, be combined with
each other in an-operative separator iu any
particular manner preferred, so long 28 the
principle of my invention is not departed from.

Having thus described my invention, I-

hereby reserve, as subjeet of future applica-
tion, all matters not expressly claimed herein.
- ‘What I claim as new, and’ desire to seeure
by Letters Patent, is— o . ‘

1. In apparatos for separating iron gr.other
magnetic, metals from grain or other non-inag-
notie sabstances, the cermbination of a grav-
ity-feed produced by rotary motion; 4 Sevies of
waguets, and means for discharging, over-
coming, neutralizing, or reversing their mag-
netisar 2t the proper times.

9. An-internal magnetic. separator consist-
ing of & longitndinally-inclined revolving cyi-
inder having soft-nretal strips or pleces ar-
ranged on_ils innee surface, means for mag-
netizingand demagnetizing them at the proper
times, and @ trongh within the cylinder” for
eatehing the iron fragments and discharging.

<

Ti;

-
(5
<
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. ‘for catehing the

15

20

them separately from. the grain, all being so
constracted and arranged that the strips or
pieces seize the iron while in the grain, earry
it-up over the trough, and discharge it there-
in, while the cleaned grain passes on and out
at the lower end of the cylinder. .
3. A self-feeding magnetic separator. con-
sisting of a longitudinally-inclined revolving
cylinder, provided with temporary or induced
magnets, meauns for maguetizing and demag-
netizing themat the proper times, and. a trongh
iron fragmeunts, and having
the discharge eud lower than the other by an
amount that will cause the feeding to proceed
at thé desired rate without requiring mechani-
cal means for forcing the Inaterial along. -
‘4. The combination of 4 magnetic separatof
or apparatus for separating iron from grain or

-other sabstances, a magneto - electric or dy--

namo-electric machine furnishing a corrent of

- Proper strength, and belting, gearing, or other

~suitable connection between them, for anto-

matically regulating the speed of the electrie

‘generator by that of the separator.

5. The combination of a longitudinaliy-in-
clined self- feeding internal magnetic sepa-
rator with a series of soft-metal strips or

- pleces for seizing the iron, arranged on its in-

30

35

40
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ner surface, and neans for magnetizing and
demagnetizing them at the proper times,
' .6, The combination of a longitudinally-in-
clined self-feeding internal magnetic sepa-
rator, & series of magnets outside of the sepa
rator, o series of soft-iron strips or pieces ar
ranged en its inner surface and ~onueeted with
the poles of the magnets, and means for auto-
matically neuntralizing, evercomiug, discharg-
ing, renewing,
the stzrips or pieces at thé proper times, o

7. The combination, with & revolving cylin-
der, of a series of temporary or induced - mag-

nets arrariged on its interior surface, means.
for magnetizing and demagnetizing them at.

the proper times, and 'a trongh or receptacle
within the cylinder for eatehing the iron frag-
ments, substantially as and for‘the purposes

set forth.

.80

55

8.  In a separator, the cbmb’im}tioh of a re-’

volving cylinder, a series of magnets outside
of the cylinder, o series of matal ‘strips or
pieces connected with the poles of the mag-
nets and arranged on the interior surface of
the cylinder, means for directing, breaking,

tiomng, and reversing the ereeire carrent; o §
trough or receptacle within the;cylinder for

or reversiig the magunetism of |

223,908 R

the iron fragments, and a dynamo-electric ma-
chine or otlier source of electricity.

an outlet, p; a series of magnets ontside of the
cylinder, a seriés of soft-iron strips or pieces
connected with the magnets and arranged cn
the interior surface of the cylinder, a circnlar
commutator and segment with brashes orcon-
tact-makers, both arranged st the samg end
of the cylinder, a trough within the cylinder
discharging through the outles 2 8024 a dy-
namo-electric machine or other source of slec.
tricity, substantially as and for the purposes
set forth, ~ S

10. In a separator, 2 commutator and seg-
ment, both at the same end. of the eylinder,
the commutator having two eircles of contact-
pieces, arranged in péirs, one pair for the m ag-
‘net or magnets of each soft-iron strip, each
plecé having one or more side projections to-
ward the other tircle, the segment having two
insulated brashes, corresponding to the twe
cireles, counected with. the two poles of the
source of eleciricity, and each brash. wide
encugh to tonch the projections on the con-
“taet-pieces of the other cirele, the whole being
constructed and ‘arranged, substantially as
herein described, for sending the eurrent
through suech wires or coils in stch directions
and for such times as may be desired.

grain by indncing inagnetism in soft-iron
strips or pieces by means of permanent mag-
nets, which strips or pisces seize and hold the

are demagnetized and drop the iron after they
are out of the grain. ~ - -
12, A separator-cylinder revolving on hal-
low hubs, in combination with inlet P, outles
Py and 3 trough or reseptacle, T. ‘
- 13. A revolving maguetic separslor having
in its interior's siationary trough or recepta-
cle for eatching the irom, supported on or

‘mains in the same position while the cylinder
is revoiving around it

‘s supplementary receptacle, ¢, for testing the
perfection of the cleaning. .
s CHARLES E. FRITE.

prosence of— :
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9.. The combination of a eylinder revolving
on hollow bubs, and having an inlet, P, and-

iron fragments while in or near the grain, but’

by the inlet and outlet pipes, so that itTre. r
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11. The method of separating iron from -

114, The combination, with the trough T, of .




