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This invention relates primarily to a pumping -

device, and more particularly to a compressor
adapted for use in various special applications, as
for example in a refrigerator or the like: :
This invention is an improvement: on ‘the in-
vention disclosed in my U. S: patent, No. 2,258,415,
in which the compression of a fluid is effected by
the reciprocal movement of ‘a column of liquid,
such as mercury, back and forth from one com-

pression chamber to another under the influence
of electrical currents, ~‘This invention is-an im- -

provement upon the invention of that patent in-
volying simplification of the apparatus and im-
provement in the efficiency and reliability.” -
It is an object of this invention to provide an
apparatus by which
flow back and forth through a conduit to per:
form its function so that the compression is ob-
tained without the need of any mechanically
moving parts and with regard to some of its em-~

bodiments without the need of any contacts-or °

switches except such as are employed to
nect the apparatus from the line. R

Tt is a further object to provide a device of the
character described in which the number of parts
are reduced to a minimum and the ‘space: re-
duired for the apparatus is minimized, thus- sav-
ing expense of manufacture and reducing upkeep

discen-

ing
and making the device more corgipact.

The invention accordingly comprises ‘a -device

10

15

the liquid may he madeto

20

25

30

possessing the features; properties and the rela~

tion of elements which will be exemplified in the

article hereinafter described and the scope of ‘the °

application of which will be indicated in-the
claims. : . :
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Tt is a further object of this invention-to pro- °

vide a mechanism in which the moving element
may be started in movement by an oscillation of
litnited amplitude while the ‘device is not under
load and may gradually be brought up-to a full
amplitude, gradually increasing its pressure until

it is able to assume the load without requiring :

a heavy starting current. - - :

Tt is g further-object to provide g device in
which the circuits themselves without any auxil-
iary elements may be designed to effect a power
factor correction as far as it is'necessary or de-
sirable to do so. ‘ e

It is a further object to provide a ‘device which
by reason of its construction will give no radio in-
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from the power line in series or in parallel with
each other; or to operate on the induction princi-
ple with onhe or more of the élements energized by
induction.” In one of the preferred forms both of
these principles are employed.
‘For a fuller understanding- of the nature and
objects of-the invention, reference should be had -
to-the following detailed description,” taken -in
connection with the accompanying drawings, in
which: 77 . :
Fig. 1s an elevation of apparatus embodying
this invention. S
Fig. 2 is a section on the line II—II of Fig. 1.

"‘Fig. 3 is a cross section of the conduit ‘em-
ployed, drawn to a larger scale. - - :
© Figs. 4,5, 6 and T are vector diagrams of the
electrical “and -magnetic quantities at different
points in’ the operation. , R
~Fig. 8-is an elevation of a modified form of the

device showing a separately excited secondary.

- Pig. 9'is a side elevation of the construction
shown in Fig: 8, part being removed.

< pig: 10'is % section of the conduit along the lines
i0--10 of Fig. 9, with the major portion of the
coreremoved. 7

Figs. 11, 12, 13 and 14 are vector diagrams of
the quantities involved in the operation: of the
construction-of Figs. 8 and 9.
~Fig. 15 is an elevation of further modification
in which ' the exciting coil for the secondary is
placed upon the same core with the primary.

" Fig: 16 is a-vector diagram- of the quantities
involved in the operation of the construction as
shown in Fig. 15. : :

Fig.-17 is an elevation of & further modification
of the construction shown in Fig. 15, in which the
secondary exciting -coil is placed on a different
portion of ‘the core, thereby creating the effect

known as the constant current effect.

“‘Wig. 18 is a further modification in which the
core through the secondary exciting coil hasan
air gap introduced therein to increase the con-
stant current effect. :

Figs. 19 and 20. are vector diagrams pertaining

" respectively to operation of the constructions of

50

terference and which will produce no flickering -

of lights and which will draw from the iine a uni-

- form current with a high power factor. L
The device of this invention may be constructed

to operate with its elements directly energized

t

68

PFigs. 17:and 18, . - ‘ , _
Fig. 21 is a construction similar to that of Fig. 9,

save that the coils are placed in parallel.

© Pig. 22 is a'view: similar to Fig. 10 of a modified

construction. " ’ :
Fig. 23 is a section on the line 23--23 of Fig. 24

showing an alternative construction in which in-

sulating barriers are introduced into the conduit

to-localize the secondary currents.
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Fig. 24 is a section of the conduit on the line
24—24 of Fig. 23.

Fig. 25 is an alternative construction in which
the conducting barriers are introduced into the
tube to direct the flow of the fluid,

- Pig. 26 is a modification of the device having a
sweeping field directly energized by the line cur-
rent. ’

Fig. 27 is a-section on the line'21—21 0f Fig.26.

Figs. 28, 29 and 30 are vector diagrams of the
construction shown in Fig. 26.

Fig. 31 is a perspective elevation of a modified
form of the device.

Fig, 32 is a detail of the apparatus-of Fig.-31.

Figs. 33, 34, 35 and 36 are vector diagrams
showing different phases of the operation of the
device 1n Fig, 31,

Fig. 31 is a view identical with Fig, 31 except
that 1t shows auxiliary chamber connected to the
compuression side of the pump. .

Reterring now to F.gs. 1 to 3, the numeral 50
designates .a core, C-shaped in cross section, of

lamunateu iron, uaving & primary coit b1 upon 1t,.

wound to take the line voltage. The.numerals 52
and 3 designate -auxiliary cores.similar in shape
to the core vy, but-having no.primary coils there-
ou. Between the poles 54, 55.and 56 of the cores
50, 52 and 93, there is placed a conduiit 51, which,
as will be seen in Fig, 3, is composed of two insu-
lated plates 58 and 59 held .an .spaced relation ‘by
and sealed to a pair of conducting plates 60 and
(1]

This conduit §7 at its.ends bends upwardly and
is joined to compression chambers 62 and-63, sim-
ilar to the compression chambers shown in-my
former patent, U. S. Ser. No..2,258,415,.0f October
7, 1941. These compression :chambers are alike
and each comprises generally .a lower expans:on
portion 64 in the form of an upwardly expanding
cone, a central portion .66 which -is -generally
cylindrical, and-a top portion 66 which is in.the
form of an inverted cone. The purpose of the
shape of these .parts is-to avoid loss of energy
through sudden changes of speed of the flow of
liquid within the conduit. » )

At its open upper end:each compression cham-
ber is provided with an inlet -61 for -gas .under
control of a valve 68. Above each compression
chamber is a cushioning chamber 69 connected
with the compression .chamber through a valve
seat 10 under control-of a-ball valve 11, An out-
let 12 for the compressed:gases-extends into the
cushioning chamber 69 far enough sothat as.the
liquid rises in the cushioning -chamber ‘beyond
the lower-end-of the outlet, the-outlet is closed by
the ball 71 and the force of the movement-of the
liquid is absorbed in compressing the.gas trapped
in the cushioning chamber. 'The two.irlet open-
Ings are joined to the source of gas by conduit 713,
and the two ouflet openings are similarly joired
by conduit T4. ) X

Auxiliary conduits 75, 16 -and 7T -exténd from
the center of the pole faces 54,55 and 56, where
they communicate with ‘the conduit 571 upwardly
through -the ‘cores 58, 52 and 53 respectively,
where they are joined together by a cémmon con-
duit 78.

The condult :57 and one of the -compression
chambers are filled with a conducting ‘Hquid 80,
preferably having a good magnetic .permeability
and electrical conductivity. Mercury-maybe-used
as the liquid, but certain-mercury:alloys.having a
higher permeability, such’ as those :containing
iron, nickel or cobalt, ‘are for that.reason prefer-
able.
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With the above construction, when the coil 51 {s
blaced upon the line, the poles 54 of the core 50
are directly excited. They will hereinafter be
called the main poles. The poles 55 and 56 of the
cores 52 and 53 are in space quadrature and they
are excited by currents within the secondary,
that is, within the conduit itself and the Lqud
which #{-contxirtss. We use theterm “space quad-
rature” ‘as particularly ‘/pprapriate ‘when a plu-
rality of primary poles are placed in series having
‘apposite polarity, with these consequent poles be-
tween them. In such case, if we regard the pri-
‘mary poles as spaced 180° apart, in accordance

~with-their electrical -polarity, the auxiliary poles

will be'midway between them and so may pe con-
sidered as spaced 90°. The whole arrangement
may be ‘considered 'as a huge stator of infinite
radius,with 180° electrical angle from main pole
to main pole. In any :case tne auxiliary poles
must be.so spaced relative to the main pole that
they can react with the currents generated herein
at 90° phase angle to the main flux. The same
principles .apply -and -hence the same language
is-applicable by .analogy when only three poies
are-used since the functioning of the device is
similar-and the.spacing of the poles and the tim-
ing .of the currents has the same relation. They
will- here.n be called the auxiliary poles., It is
possible- to. employ a plurality of these poles al-
ternately disposed. They need not be salient
poles, .and may take any form.

Coil 51 acts as the primary .of a transformer
and transmits power from the line to the short-
circuit -secondary which consists .of the con-
ductor .plates 60-—61 and the fluid 80. We may
call this secondary current I2. Motion of the fluid
past the pole.54.once.started generates an B, M. F.
and the Tesulting current I’ex circulates about
the-auxiliary poles 65 .and 56 and thereby excites
them. Since.I'ex-is mainly an exciting current,
it s -approximately .in time quadrature with its
E. M. F. The field-of the auxiliary poles is.nearly
intime quadrature with the main.field and it isin
space -quadrature. -A sweeping field is thus pro-

45 duced.and it :moves in the direction of motion of
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the .fluid. Power is developed .by the reaction
between. Iz, the.current in the secondary, and the
auxiliary field -flux.

-Motion of the fluid -under poles 55.and 56 also
generates an-E: M. .F. which acts.in approximate
opposition to the transformer secondary voltage
at :pole -84 -and therefore .is .of the nature of a
counter-E. M. F. and :Hmits the value of I, A
transformer voltage about poles 55 and 56 simi-
larly limits the currents.I'ex.

‘Motion .continues until the fluid reaches the
cushioning chamber §9 where.it is decelerated and
stopped. -Since .the -auxiliary poles 55—§6 owe
their-excitation to.the-motion .of the fluid, they
are .de-energized when .fhe. .motion is stopped.
The :forces.now :acting :on the fluid .are those due
to the energy of compression in chamber B9 and
the -difference-in -elevation.of the surface of -the
fluid whichis .now at-the-bottom .of one cylinder
and-at the top of the other. This stored energy
initiates-motion -in  the opposite direction. "When
the direction of motion is reversed, the direction
of T'ex ds:reversed-and hence: the polarity of the
auxiliary poleg:is-reversed. The direction of I is
independent of motion-and is therefore not re-
versed. -Since it reacts with.the:reversed. fi€ld of
poles 55 and .58, the-developed power is reversed
and maintains-the reversal of .flow of the fluid,
This continues until :the-other.cushioning cham-
ber is reached whereupon the cycle repeats itself,
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In the preferred-form:of the device; an electri-
cally conductive fluid -which is magnetic is used.
The reluctance of the- air gap is thereby de-
creased. A small-exciting current. is thus needed
and the efficiency and power-factor of the device
are improved, the flux across the air gap will be
increased ‘and the developed power is increased.

The short-circuit ~currents circulating about
the pole faces have a reactive component that re-
acts with the flux and a force is developed that is
directed toward the center of the pole. Tubes 15,
16 and 17 (Fig. 1) are shown located at the center
of the poles and are connected by a common ‘tube
18. The fluid tends to flow through these tubes
and away from conduit 57.  During periods: of

maximum velocity in tube 57, the poles-54; 55 and -

56 have nearly the same strength The force
along tubes 16 and 17 will be nearly equal to that

. in tube 15, and little motion will' take -place in

common tube 18, As the fluid in conduit 57 is. de-
celerated, the strength of poles 5555 is de-
creased and the force along 16 and 17 is then
decreased. The fluid will then circulate from 57
through 15 and 18 and back through 1617 to
§1. The motion in this auxiliary circuit is a max-
imum when that in the main tube is a minimum.
The auxiliary flows is in approximate time quad-
- rature with the main flow,

The motion of the fluid across the face of pole

54 to tube 15 generates a counter-E, M. F. that
limits the current I, since this E. M., F. is in ap-
proximate time piiase with'that due to flow along
tube B7.  Since the flows -are in approximate
time quadrature, there always exists a counter-
E. M. F. to limit Iy and the power demand from
the line is made more uniform through the entire
cycle of operation. ‘

As before mentioned, there is always some mo-
tion in the auxiliary circuit directed along 18
away from pole 54. 'As the fluid flows from 16
and 77-to 15 along 57, it is moving across the
face of poles 52 and 53 in a direction opposite to
“motor” motion and we have “generator” action.
Since there is no outside connection; the gener-
ated energy is used in exciting poles 55 and 56.
Motor energy for this generator is received from
. -pole 64 where the fluid moves toward the pole
center. - The “motor” takes a relatively small
power current from coil 51 by transformer action,
Since the “generator” current is largely an excit-
ing current, it circulates in a reactive circuit and
is in approximate time quadrature referred to the
mator current. For the same power consumption
we need a small current in the “motor” end and
we get a large exciting current from the “genera-
tor” end. Since a small additional line current
increases greatly the excitation of the auxiliary

poles, we greatly improve the power-factor of the -

device, its efficiency, and the output power de-
veloped.

The exc1tat40n of poles 55 and 56 is obtained
from the motion of two fluid circuits; that in con-
duit §7 and that in tubes 16—171. Since these mo-
tlons are in approximate time quadrature, we
have ‘8 more uniform excitation throughout the
operating cycle except ‘at the point where the
polarity of the poles is reversed. ‘The output
does not fall-away as the fluid in tube 57 is de-
celerated, but remains more nearly uniform-with
consequent improvement, in efficiency.

As shown, these tubes are balanced because this

makes for the best correction during operation.
If, however, one of these tubes, either 16 or 11,
is omitted, an unbalanced condition will ex1st
whlch provides a starting torque, . :
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The flux in the auxiliary poles 55 and 56, when
excited by motion of the fluid along condun; 51,
lags nearly in time quadrature with respect to
that ‘of pole 64, Motion in the auxiliary circuit
increases the angle of lag of the resultant aux-
iliary pole flux: - This corresponds to the condi-
tion generally obtained for power-factor com-
pensation. The resultant primary current is
rotated more nearly in' phase with the trans-
former secondary voltage. Consequently the line
current is rotated more nearly in phase with the
line- voltage and the power-factor is improved.
By sufficient auxiliary pole flux lag, over-com-
pensation or a leading power factor may be ob-
tained,

The various magnetic and electrical quant1t1es
may be shown as vector quantities on Figs, 4, 5,
6 and 7 of the drawings, but for the purpose of il-
lustration these diagrams have been simplified by
omitting resistance and reactance voltages.

In Fig. 4 ¢m is the flux due to the winding con- °
nected to the line, Ewms is a voltage generated by
the motion of the mercury through this flux.
The corresponding current I'ex excites a field ¢a
in time and space quadrature which is the field
of the auxiliary poles. This field induces a trans-
former voltage EaT that is nearly in opposition to
Bwus.  Their resultant Eex determines the value
of T’ex. - EMT is the transformer voltage induced
by the main field and is nearly in opposition with
Eas which is generated by motion of the mercury
Their resultant Ez determines the
value of the secondary current Iz which reacts
with ¢4 to sustain motion. Jzalso reacts with the
primary-and is balanced by a component current
Ii from the line by transformer action. The line
supplies the power which is proportioned to needs
by a counter-E. M. F, Eas. 'The line current Ir is
the sum of I» and the exciting current Iex. Note
that ¢a and I2 react to give power, that the aux-
iliary field is excited by motion of the mercury,
and that the polarity is such that motion is sus-
tained.

When the mercury has risen to the top of one
leg of the U, it is decelerated and stopped by the
cushioning chambers. The combined forces of
the compressed gas and the unbalanced legs of
U-tube initiate motion in a direction opposite to
the previous direction.- This motion now excites
the auxiliary poles with opposite polarity and the
motion is sustained in the new direction until the
fluid is again stopped and reversed by the cushion-
ing chambers. The device is self-reversing and
does not need extraneous devices as reversing
switches. It generates its own “armature” cur-
rent and it excites its own field with the proper
polarity.

The auxiliary path for the mercury compris-
Ing passages 15, 76, 7T and 18 is provided from
the center of one pole to the center of the next.
This means, as has been explained, prevents the
line current from varying to locked-rotor values
as would otherwise obtain when the mercury col-
umn is stopped.

As has been referred to above, the reaction be-
tween the secondary current circulating beneath
the pole face and the flux -of the pole produces -
a force that directs the mercury towards: the
pole center-line in a manner similar to “pinch-
effect.” This applies to both the main and the
auxiliary pole which are nearly equal in strength
while the main column is in motion and the
“pinch-effect” of one tends to buck the “pinch-
effect” of the other and little motion results in
the auxiliary path. However; when the velocity
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of the main mercury column decreases, the field
strength of the-auxiliary poles decreases, and the
bucking ‘force decreases. The velocity of the
mercury in-the auxiliary path increases. ‘Note

that the velocity in one path increases while that-

in the other decreases. The two motions may,
in-g sense, be considered as being in time quad-
rature with each other. Since each motion must
generate a counter-BE. M. F., the current. is al-
ways Kept within limits.

The vector diagram for conditions during mo-

tion is shown in Fig. 5; ¢um is the main flux dnd
Fems is- the voltage generated by motion- of- the

mercury to the center of the pole. The corre-
sponding current I'cm is largely an exciting cur-
rent- and excites flux ¢mr. Reasoning as before,
we-get the generated voltage Ewmgs and the in-
duced voltages Eomt and Emar. Eom determines
the value of the current component I'cym. Simi-
larly Esom determines the value of the power com-
ponent Icem:. Since all the vectors are in space
phase, they are added and we get a resultant flux
omc and current Icm which reacts with the stator
and. a balancing compcnent Tic appears in the
line current.

Tt has besn poinied out that there is always
some motion of the fluid in the auxiliary path.
Obviously, the main poles will act as “moters”
and the auxiliary poles as “generators” since in
the case of the latter, the direction of flow is re-
versed, in the sense that it is counter to the di-
rection of inecreasing lag of flux toward the pole
center which is shown as ¢aq. The “generator”
voltages are plotted in Fig. 6. ¢a is the fux. of
the auxiliary poles. Fcas is o generated voitage
and since the motion is opposite, the voltage is
opposite in directicn and is in phase opposition
with ¢a. The voltage generated by cutting this
flux is Fags.. Heat and Eaor are induced volbt-
ages. Adding all the voltages we gel Toa and the
value of Tca is determined. It is nearly entirely
an exciting current since there is no connection
with any other circuit and thercfore aids ¢aq.
paq adds with ¢4 and the resultant is ¢ac. Since
this has been rotated clockwise, the direction of
the voltages in the in mercury column: must
be changed., These changes are shown in Fig. 7.

We note that Fas has now been rotated cloek-
wise and the resuitant Ea has been rotated coun-
ter-clockwise. Consequently, 1o now leads Emer.
The compeonent in the pii 7, I1, now-leads and
thereby brings the line current, Tn, more nearly
in phkase with the veoltage. We thereby have
power-factor correztion. We nosv know thai. the
device generates its own exciting power. BSince
the motion through the auxiliary tap is: & mini-
mum when the auxiliary pole flux is a maximum
and vice-versa, this compenszation can be held to
lmnits.

In the form of invention dizclosed in Figs. &to
10, there is provided hut a single core which is
here designated as £5 corresponding to. the core
50 in the first embodiment. This cere is also C-
shaped and hetween its poles is placed: tke con~
duit 8T as in the preceding embodiment. In this
embodiment, however, the conducting plates £§
and 87 forming the sides of the conduit 51 are
connected across the secondary 88 cof a trans-
former 89, the primary §8 of which is in series
with the primary &! on the core 83 I prefer to
connect this secondary 88 to the plates 88 and’ g%
by means of a plurality of leads 82, these leads
being connected to the transformer in multiple
in order to insure as uniform a density of current
across:the pole faces as possible.
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- By this- construction - a- secondary’ current is
eaused to flow. in-the Aiuld which 13 swbstantially
i1 phase “with the .flux scross: the condutt be-
tween. the pole: pieces of: the. core.. These: con-
ditions -sre: such. as to cause the Auld to flow
through: the. conduit in. e direction. dependent
upon - the relative polarity of coils 80 and St
With- this. arrangement. there. is provided a.re-
versing switch 82 of-any cornventional form, for
reversing the polarity of one of these coils. This
switcli may. be operated by sn-actuating member
93 mounted,.as shown, on the cushioning cham-
ber 89 and having a.stem $4 extending into the
path of the ball valve T1, so-that the actuating
member 83 will operate the reversing switch as
soon as the balt valve strikes stem 94.

In the construction shown in Fig. 9, the trans-
former 89 is shown as of the constant current
vartety and its.coil 98 is.shown ag connected in
series with the  exciting . coil 81 of the core.85.
The coil 94 has inherently a high reactance and
the transformer coil is deliberately designed for
high reactance. The angle between the primary
current and-the flux of each of these units'can
thus be made nearly the same.

Fig. 10 is. a plan view of the conduit 5 and
illustrates the portion in the gap. ‘The pole face
of core is shown in dotted lines. It is to be noted
that the mercury and the conducting end walls
constitute short-circuited secondaries in parallel
with each other and reacting through transformer
action onm coil 81 which thereby becomes the
primary of the transformer, The currents in.the
short-eircuits I'2 and I’ 'z are not. only a source of
energy loss, but also adversely affect the phase
relationship between the mercury current and
the flux in gap 2 and thereby seriously -affects
the motor action above described.

In Figs. 11-14 there are shown the approximate:
vector diagrams of the conditions of this current,
the various quantities being assumed to be repre-
sented by sine waves..

Fig.-11 indicates approximately the conditions
obtained in core 8% if no short-circuited cur-
rents existed. ¢m is the flux, Em the voltage,
and I the current in the coil 91. I and ¢wm are
nearly in phase. The phase angle § betweenIand
EwMm is nearly 90° and the power consumed in, ex-
citation is- correspondingly low.

A constant-voltage: transformer in series with
the coil 91 under the above theoretical conditions
would perform -approximately as shown in Fig.
12 where all quantities are referred to the pri-
mary.  The transformer primary current is I,
The secondary current It is nearly in phase op~
gosition to I and nearly in phase:with its voltage

T

Fig. 13 combines- those- veetors: of Figs. 11 and
12-which. react with each other in:the gap of core
85. —Ir is nearly in phase with the flux ¢» and
hence; since they are also.in space phase, a mo-
tive force.is developed that is: proportional to the
prejection of —It on ¢m. I indicates the con-
dition- where it.is in phase.opposition to ¢m which
obtains -when. the current (or ¢m) is reversed.
¢ is the phase angle between. —Ir and-the line
voltage v.

Fig, 14 shows theractual conditions which: exist
when the: shert-circuit currents: exist in. the: con-
duit 5T where it. passes: under the pole faces of
core 85 if the same voltage drop Ewm is: permitted
across: coil 89. Iz ig the vector sum of I’z and
I''2 (Fig. 103, I now is the vector sum of both
Tand Iex. Since Yis no-longer the total exciting
current, the flux-decreases from-a value of ¢m to
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#'u, the latter corresponding I’’ex which is less.
than I. A study of Figs. 11 and 12 indicates that
It is nearly in phase with I Referring to-Fig.
14, since I'is rotated away from #'m, so would It
be thrown further of phase,
is then reduced by both a decrease’in flux and.a
decrease in the projection of Tr on the flux.. In
addition, Tz dissipates energy in the form of heat.
The short-cireuit currents should be minimized.or
utilized. Means and methods for achieving these
results will be later described. ST Sy

As is evident from the description of the oper-
ation of the device, the meréury column recipro-
¢ates in the conduit; its speed varies from:a
maximum to standstill just before reversal. As
it moves along the gap; a counter-E; M. F:is gen-
‘erated which limits® the: current flowing: from
transformer secondary 88.° At a standstill, the
_secondary is, in effect, short-circuited. The cur~
rent demand from the line varies in accordance
with the motion of the mercury and is greatest
at the “dead” period during reversal. . Objec-
tionable ficker of lighting and energy -losses
might thus result. This effect is substantially
corrected by -installing a.constant current type
of transformer. The current demand is.made
more nearly uniform by utilizing the varying re-
actance of the constant current transformer.

A simplified :form of .such a device is.shown
in Fig. 15 in which ‘the transformer has been
eliminated by placing a secondary coil 100-on a
common .core 191 with exciting coil 102 which
now. becomes the primary coil also and. is con-
nected directly-to a source of alternating cur-
‘vent,” The-coil 100 is connected to the electrode
tube 57 of -a form hereinbefore described -and
is in series with a reversing switch 82 which is
connected to-a pilot. circuit operated by the; rod
94, The secondary current is.approximately. in
phase with the primary current, . Due to the air ;
gap in the core 101, the leakage flux is great
and the reactance is: thereby increased. . The
voltage characteristic drops sharply and the per-
formance approaches that of a'constant current
transformer. Besides limiting the current and
holding . it: ‘aporoximately. constant, the current
.across the electrode tube is more nearly in phase
with the flux: and the electromotive force-in the
mercury is: correspondingly - increased. - These
conditions are vectorially plotted in Fig. 16, It
lags considerably behind E, and is more nearly in
phase (or phase opposition) with the flux ¢. - ..

Another form of this device is shown in Fig, 17
where the core 126 is divided into three legs 121,
128 and {29. The coil 130 sets up a magnetomo-
tive force which. establishes the flux in.legs 121
and 129 which are magnetically in parallel with
each other, . The flux in leg 128 is & mutual flux
‘and a.voltage is-induced -in' secondary:coil 181
which is connected across mercury tube 5T .and.

The motive force. i

10

“been: for-the series unit under-standstill: condi-
_tions and:all have indicated that.a starting force
_exists. ~Tt is to be noted that the constant .cur-
-rent; principle improves the operation of this: de~-

vice. = The power factor of the unit is apparently
lowered at the standstill conditions, but it im-

" proves-greatly when the: unit:is in motion and
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in series with a reversing switch 92. Coil 1301s -

connected to a source of - altermating current.
Switch 92 is actuated by the rise and fall of mer-
cury, as was deseribed for the device shown:in
_Fig.- 9. The. characteristics of this device are
similar to those of Fig. 15 except that the react-
ance is greater and the current regulation is
better. - : : : T

Tig. 18 .shows a similar device except that an

auxiliary air gap 134 has been added and the con- .

stant current characteristic is thereby improved.
A movable piece 135 may be added for adjusting
the length of the gap and consequently the trans-
former characteristics. O R IR T
The" vector diagrams of Figs. 13 to 16 have:

65

75

4t ‘not. for the inertia: of

_since -the :current is -substantially .constant;: the
;overall-performance is. improved. :

~:The vectar diagram under static conditions for
‘the devices-of Figs. 15, 17 and 18 is shown in Fig.
19, -Isc-is'the short -circuit current in the mer:-
.cury, -Ir:is-the transformer: secondary current
‘and is the useful current. Iz is the sum:of these
‘currents. - Iex: is the exciting. current- which. is
-added-vectorially to —Iz to give the total primary
.current-in-coil-130. - E is the voltage induced- by
the flux ¢.  V-is:the impressed -voltage -and-is
_equal-to. —E:added vectorially-to Ez, thevpgimar'y

impedance drop.- ¢ ‘is the-power factor angle,
The projection of Ir-on ¢ is a measure ‘of: the
motive force developed in the mercury.

. .'The vector diagram for the above devices when
the mercury is moving is shown in Fig. 20 ‘When
the: mercury is-moving along the air gap:of an
exclted: core, it ‘is ‘cutting-lines of force and.a
voltage, Ec, is generated which is.in opposition-to
that voltage or its; component-that causes. Ir.to
flow-across the mercury. ‘This component-is-in
phase with- the flux ¢." The line voltage V; being
a constant, must now supply Ec, and (—E+-Ez).
The latter- voltage,: V1, must therefore. decrease

a8 —E decreases, which in-turn causes E.to:de- .

crease. With constant:voltage transformation E

-and . consequently. I would decrease. - Remem-
‘bering that with the mercury at rest-at the end
.of -the. stroke -no . counter-E.. M, F. exists and

also that- as motion. is resumed in the opposite

“direction by the combined action of the cushion-

ing chambers, gravity, and the reversed secondary
current, compression has: just_started .and were
the. mercury, a-no-load
condition would obtain;  With such transforma-
tion: the current would, vary widely. By ~using

‘constant current transformation, . however, Iz

would - remain - substantially - constant . from. no-
load to.full load conditions. Excepting the vani-

-ation of the exciting current which may be small,
-T1,.the. line -current; would be nearly.- constant
.and the power requirements would be taken care

of by a varying power-factor which with constant
potential. transformation. would remain ..nearly

-constant. - These vector diagrams, for the sake-of
_simplicity, have been drawn with resistance. and
reactance voltages omitted.-

.--We have: called attention in conhégﬁon»ﬁvith
TFig. 9.to the fact-that the flux in the transformer

.core 89.and the flux in the:main core.85:can-be

made substantially the same.-:On this account

‘these coils can be electrically connected. in.par-
-allel. Such an arrangement is shown in Fig. 21,
“The .motor core 36 contains the electrode tube
-51 within a gap,as heretofore described. -The
rcore. is.excited by coil .137..connected to a source

of- electrical energy. .The electrode tube 57 is

.connected by wires- 138.to the secondary 138 -of
transformer 140 whose primary coil 141 is.con-
.nected through ‘a reversing: switch 92'in parallel

to. ‘the-same’ source: of -energy- as.the: coil. 131.

“This-switch is-actuated by the rise and fall of

the mercury. -The operation of this unit is; simi-
1arto that of the unit shown in Fig. 9..... . -~

--In an alternate form, reversing. switch-92. is
‘connected in.the line ‘between .electrode: tube. 67

and secondary coil 139. - The operation of the unit
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depends-on the-reversdal of ‘the secondary.instead
-of the-primary-current,; but-is-otherwise the same.

-In Fig. 10 short-circuit currents, due to-trans-
Tormer action, -were .shown. In ‘Pig. 20 we see
that, during movement; a-counter-E, :M. F., Ee,
is-generated.

-Fig.-22 shows-the-same form of:electrode tube
as Fig. '10. Tf motion-is as-indicated, the-gen-
erated E. M. F. short-circuit path is represented
by the-arrows.
-the surface of -the paper. It is obvious that:the
field becomes distorted-due -to :the M. M: F. set
up by these-currents. If-the-poles are near sati-
retion, the -aiding-currents: do not increase flux,

Bdut -the bucking currents will decrease the ‘ftux -

at-their -end of ‘the-pole face. The net result.is
increased -reaetance--and ‘decreased  flux--at the
‘pole-faee. -The latter-makes for a-decreased mo-
tive-force-in the mercury-and increased-reactance.

Fo-effectively minimize all short:cirenit currents .

‘that circulate-around the outside of the pole face,
insulating barrters such-as-shown in Plg. 23, which
8- seetfori cut as shown in' 24 -are provided.
"These barriers 142 He-across the path -of ‘a-short
-cfreult.current-and- consist of ‘an insulating ma-
‘terial. “T-prefer to-use-metallic strips coated with
an- imm!atlng -coating. The-eleetrodes may be
“nsulated at various:sections to aid in-accemplish-
‘ing:the-same-purpose. Such-areas are indicated

-8s-Hi4. ‘Also, the electrodes may e wholly:eon-
tained ‘within-the-pole face area-if‘the magnitude
-‘of the-short-circuit currents justify this.

~Uninsulated metalic -strips ‘may - be located
along-the-tube as 143, Fig. 23. -Since they-are

conductors-they -do not prevent-the passage of
-the -secondary current, -but- aid -in- streamiining
‘the flow of mercury and also serve -as stays to
‘reinforce the sides -146 against internal pressure.

& preferred form is shown in Fig. 25. An -elec-
trical  conductor 147 is -‘insulated: electrically -at
the sections -H48-and also serves-as-a-stay for the
‘stdes-of the -tube-as-described above for 142 and
‘143 -staying the sides 146.

‘A-modification of the device is shown in PFig. 26.
“The -motor- core-is-shown -at 149 and is excited
by the coil 1§0. This portion of the-device 1s
designed for low reactance. “'Two additional cores
-are -shown -at 151 and 152 and -they are excited
‘respectively by coils 153-and 154. This portion of
the device is designed for high reactance. ‘The
‘colls 153 -and 154 ‘are connected either in series
with-each-other-or-in parallel, and this circuit is
-connected in-parallel or in series -with the coil
158, ‘but ‘one of -these circuits, as the coi] 150,
is controlled by a reversing switch 92.

“The -electrode tube 57T is similar in -construc-
-tion-to these hereinbefore -described, but in this
-embodiment-it is extended through the auxiliary
-poles 151 -and 152,

“The operation -of this device is similar to that ¢q
-shown in Figs. 8 -and 9, except that the motor
“feld 149:is reversed with respect to both the cur-
-rent of ‘the secondary 159 of the transformer 160
-which is connected ‘across the electrode tube and
“the - flelds of ‘the auxiliary peles 151 and 52,
“The: -exciing -coil -#61 -of -this -‘transformer--may
~be-connected -either in series or in paralel with
-$he :colls 180, 153 and 134, depending on its re-
-aetance characteristics as hereinbefore described.
-Also; transformer (68 may be -of the.constant
‘potentisl or constant eurrent type.

The section XXVIT of the-electrode tithe 5T is
-shown in Fig.'2T-where the boles 149, 151 and 452
-are -idicated -by -the shaded areas. 'The--leads
82 are-from-the-secondary ‘of -the-

The flux-is-directed upward from .
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-auxiliary poles 151 -and: 152.
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Tt ds-to:be noted that the short-circuit eurrent
T'se' that-les entirely outside the motor pole 49
-also .passes under poles ‘{51 and 152 which are,
in effect, in space quadrature with the pole 149
from an electrical standpoint. The flux of 151
-and 132 are’in phase opposition with each other
-and. out of phase, preferably in quadrature, with
the motor pole (49. -The phase sequence is in
‘the direction of motion.

“The vector diagram of the motor pole ‘149 is
shown approximately:in Fig. 28 where I’z is the
short -circuit current -shown in Fig. 27, Eum is the
indiiced voltage and T’ is-the coil current. ‘The
flux-¢m lags behind the coil current by the angle
~al,

-A similar diagramis shown-in Pig. 29 for the
The flux is ¢a and
‘the short-circuit current in the mercury is Iasc
‘which -also-passes under the main pole as shown
inFlg. 27. Eais the induced voltage and I’%ex Is

the-exeiting .current. 1i’’ is the primary current

in-coil 158:and t64. ‘Since all coils are connected
in-series, the currents I1* and Ii’’ are identical
and: the veetor diagrams of Figs. 28 and 29 can
‘be.combined as shown in Fig. 30 with Ii’ as the
‘common current and the fluxes ¢m and —ea lag-
ging:by the:angles a1 and az. If —¢a is the flux
in cofl“f63, then ¢m is, of course; the flux in coil
180:and. ¢a is:the flux in cofl 154 which is equal
tothat.-of cofl 153 reversed. Since the fluxes are
net-co-axial, they do:not react upon each other.
It is-to be noted:that they are distinct, in space
displacement,; -and that there is in .effect a flux
‘progression -from - pole ‘I8 to pole 152 which is

-also the direction of flow of mercury due to the

flux ‘in.-pole 149..and ‘the secondary current of
transformer (60 -across the tube 51. The fluxes
-of 'Fig. 30 represent, .in effect, a .two-phase sys-
tem. T prefer to make the angle (a1—a2) between
—¢a and ¢m-as nearly 90° as possible. This may
‘be approximated by inserting suitable inductance

-and capacitance in the cireuit as is'common prac-

tice.

It .will be noted from Fig. 27 that I’s passes
under the suxiliary poles. “Since I’se lags behind
om - (Fig: 28). and so-does-¢a lag behind ¢m (Fig.
30), T’sc and ¢a -are-nearly in phase or, as shown

n’ Pig '30,-a- compeonent -of I’se entirely in phase

with ¢a and consequently we -get motor action

‘in the direction -the mercury has been made to

move as mentioned above. In other words, the
portion -of -the -short-circuit current entirely
around the-outside-of ‘the pole (as I’s in Fig. 10
or I’se:in Fig. 27)-has been made to exert a use-
ful force.

It-is:als0-to-be-noted the short-circuit current
entirely ~on - the outside of auxiliary poles, Iasc,

-passes-across main pole (48 and by similar rea-

-soning-and as indicated in Pig. 30 exerts useful
force in-the direction of motion.

In the-form of the invention disclosed in Fig.
31;two cores, 180 and (81, are provided. These
cores:are:of identical construction but oppositely

‘placed.. - Each {is-generally of a4 C-shaped cross

section having the conduit 57 lying between the

-open- ends: of -the--C, as- in :the 'previous  embodi-

ments, ‘One pole: piece of each ecore, however, is
divided into three sub-poles, 180a, lBOb and (80c,
and -181a, 181b -and 184c. Since these two cores

40 -are alike, the remaining parts will be described
-for -one -core-only, and the numbers applied to

both.
"The -central pole of each core, 180b or 18] b,
is energized by coil 182 directly from the line

transformer. 75 -and these coils -are preferably -connected in- se-
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ries. Each leg: of the conduit 57 terminates in
a compression chamber 65, such.as we have pre-
viously described.: A by-pass conduit 183 leads
from the center of the face of the magnet, pole
opposite’ the center of the central sub-pole,” as
shown at 184, to a point opposite the center of
one of the side sub-poles, as shown at 185, This
by-pass conduit can, if desired, also be connected
to the center of the other sub-pole face, as shown
in the construction of Fig. 1, but in this embodi~
ment T have chosen to illustrate it in the unbal-
anced-form with ‘both cores unbalanced in the
‘same direction of motion of the mercury, in or-
der to afford a starting torque.
~“The vector diagram showing the reason for
this starting current is shown in Fig. 36, in which

"¢ur is the main pole flux and ¢u is what we may
call the leakage flux through one-half of the aux-

iliary pole. ‘Ewr is induced voltage circulating in
20

the mercury around the main ‘pole-and Ers is
the counter-E. M. F. due to leakage flux. The
resultant voltage Em and its current determine
the power taken to cause motion of ‘the mercury
in the suxiliary path.  Ews is a voltage generated
by motion. of the mercury under ¢m and Enr is
s voltage induced by the leakage flux. The re-
‘sultant voltage Eo causes a current Ie to circu-~
‘ate; and a fiux due to this current aids the leak-
age flux ¢1, as may be seen from the figure,. We
see-then that we have strengthened the flux in
the auxiliary pole and that this flux is out. of
‘phase with the main pole.’ As a result, we have
a sweeping field even before the mercury starts in
motion in-the main conduit, which can initiate
the movement of the mercury in the main con-
duit, and thus-the device becomes self-starting
because ~of the unbalanced. connections of the
auxiliary-conduib. - - ,

Tt ‘will also be seen that the power factor cor-
rection can be effected by the by-pass conduit
going through the main pole alone,if it be con-
nected to the main conduit outside the main pole,
since the flow of mercury into the auxiliary con-
duit generates an ‘B, M. F. which causes a cul-

rent to circulate in the mercury in quadrature’

with the main flux.” The flux ‘due to this cur-
rent ‘combines with the main flux to produce a
resultant, flux lagging behingd the main flux. The
‘flux in the auxiliary-poles is-thus rotated with a
consequent improvement in power factor, as'in-
dicated in Fig. T. We 'would get the same Ye-
sult, only in less degree, if the. center tap conduit
be placed in. the auxiliary pole instead of the
main pole. R - :

_The auxiliary poles: 180a and 180c.and i8ia
and I8ic are low reluctance magnetic paths and
are excited by virtue of an E. M. F. generated by
motion of the mercury by the main poles " 180b
and (81b. ‘When the mercury. is in stationary
“condition, a starting torque is provided by the

unbalanced flow of mercury through the conduit’

183, which energizes the pole 180c and 181c, there-
by producing a sweeping field which can start the
mercury in motion. .. S
There is 81so shown in this figure an auxiliary
chamber. 198 connected t6 the.center of the bot~
tom portion of the U-conduit 51. ~ .~ - .
During the operation of the device, this auxiliary
chamber functions as follows: Mercury descend-
ing from.one of the legs of the conduit §1, say
for example the left-hand leg, will divide. Part
will go.up the right-hand leg, while part will go
up into the auxiliary chamber. 190, compressing
_the gas thérein, “Whén the meércury in'the right-
‘hand leg has reached its upper: limit and is
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stopped- for reversal. all further flow of mercury

‘from the left=hand leg is diverted into the aux-

180. Thus it will be seen while

. the mercury in the right-hand leg is stopped, that

in the left-hand leg continues in motion for a

time.

‘10

16

Coil 182 upon the left-hand leg cannot-de-
mand a locked rotor current because it'is in se-
ries with the coil upon the left-hand leg, and the
latter current demand'is still- limited by the
counter-E. M. F. generated by the merecury still
flowing past. it. A second later the mercury in
the right-hand leg is, accelerated in the reverse
direction and momentarily the flow from both
legs moves into the auxiliary chamber 180. Thus

it will be seen that the flow in the right and:lefé-

- hand legs is out-of phase with each other, and
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while the mercury in the left-hand leg is decel-
erating and its counter-E, M. T, decreasing, the
mercury in the right-hand leg is accelerating
and its counter-E. M. F. is increasing, S
Shortly afterwards the mercury in the left-
hand leg is stopped and reversed by the combined
forces Of gravity, the cushioning chamber, the
force developed in the right-hand leg and that due
to the gas compressed ‘in the auxiliary chamber.
The reversal is quickly affected since these forces
operate upon only a portion of the total mercury.
The entire mercury column is now reversed and
the gas in the chamber 190 expands and returns
its energy to the moving column. This action
now continues until the mercury rises to the top
of the left-hand compression chamber 65 and the
ahove mentioned cycle is repeated. :

" THe vector diagram showing the operatién jtist

described, omitting, for the moment, the by-pass
conduits, is given in Fig.'33 in which the main
pole flux ¢u induces Emr by transformer action.
The motion of the mercury by the pole generates
Ews. . Since there.is no outside connection; Eis

~_is_of ‘the nature of an exciting voltage for the
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“auxiliary pole.and the flux ¢a lags by nearly 90°.

This flux also induces a transformer voltage Ear
which reacts with Ems to limit its value to. the
resultant Ear. Motion of the mercury by . the
auxiliary pole generates Eas which is of the na-
ture.of a counter-E. M. F. and it reacts with

‘Epr ‘and’ reduces the ‘short-circuit voltage under
“the main pole to Emr.

. From. the foregoing it will be seen that the
mercury -moves into and out of  the auxiliary
chamber 190 at double the frequency of the mer-

‘cury in the main conduit. It will also be seen

that a counter-E. M. F. always exists in the line
and the current demand is made more uniform
throughout the cycle of operations.

. In the foregoing. description the mereury is
stopped and reversed, first, in one leg of the tube,
and then reversed in the auxiliary chamber .190.

.The force-speed characteristics and. the ‘volume
-of ‘the auxiliary. chamber, however, may bhe so

chosen as to.make the opposite true, so that the

“mereury, i§ reversed, first, in the auxiliary cham-

ber and the low. level of mercury leg; and.there-

“after. reversed in the leg where the mercury is

at its high lével. The advantages above referred

' to.are obtained in either case.

The atuxiliary.chamber may be open” to.the
atmosphere, as shown in Fig. 32, it being under-
stood, of course; that in such instance it would

_be high enough so that all the energy stored in

it is stored in the form of a column-of mercury.
It may on the other hand, if desired, be vented

to either the suction or the pressure side of the
system. ‘ '
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In the preferred form where the auxiliary
chamber is open at the top, a floating ball valve
4s supplied to prevent.the escape of mercury into
the system and also to prevent gas from entering
the electrode tube, These two functions may be
combined by one ball valve, as shown in Fig. 32.

"The -auxiliary chamber 224 containing merecury
225 is connected to the electrode tube conduit 228,
-and-floating on-the surface of the mercury is 2
Jall valve 221. The venting pipe 228 is provided
‘with -a neck to form a valve seat at 229, and
another seat is provided at the bottom, as shown
.8t 230. Thus the mercury level cannot rise above
the point where the valve 227 closes the neck 228,
nor-can it fall below. the point where the valve
closes the neck 230,

It will also be clear that the upper venting
228 of the auxiliary chamber 224 may be con-
nected by suitable valves with the inlet and ex-
haust 13 and 74, so that the movement of mer-
cury within this auxiliary chamber contributes a
quota toward the useful compression of the gas.

Fig. 33 shows the relationship between the pri-
mary and secondary values of the electromag-
netic system of ‘Fig. 31 of the exciting coils 182,
indicating the reflection of power from the line
intothe mercury system..

The secondary voltage .in the mercury is Emr
-and the secondary.or mereury current is T. These
are.the only two that react with the primary. All
other voltages are due.directly or indirectly to
the motion of the mercury past the main pole.
All .other currents have a.component .that ap-
pears in Iz,

Referring to Fig. 33, EuT reacts-on the primary
coils and it has a component —Ewmr in the pri-
mary. TUnder standstill conditions I» would be
determined by Emr and the secondary impedance,
The velocity of the columns depends on resistance
and excitation requirements, and this determines
the value of the counter-E. M. F. which modifies
Ewmt to some value such as Emr. This, together
with the impedance, determines.the value of Iz
during running conditions.

Fig. 34 is the motor-generator vector in which
—E is the line voltage, Iu is the motor current,
that is the primary eurrent required to drive the
Jmercury, and I is the generator current, that is
a current in the mercury that circulates about
and excites the auxiliary pole, The power is.the
product of the voltage and the projection I of
the current Yu, and I, the projection of Ia, which
are herein shown equal. “For the same POWeEr a
small motor current Im can cause a much larger
exciting (low power factor) current I to circu-
late. Note the improvement in power factor from
fc to ém in so far as the line is concerned, It is
obviously better to generate Ie than to draw it
from the line, )

Since certain changes may be made in the
above construction and different embodiments of
the invention could be made without departing
from the scope thereof, it is intended that all
matter contained in the above description or
shown in the accompanying drawings shall be in-

terpreted as illustrative and not in a . limiting

sense.

It is also to be understood that the following
claims are intended to cover all of the generic
and specific features of the invention herein de-
scribed, and all statements of the scope of the
invention which, as a matter of language, might
be said to fall therebetween,

. Having described my invention, what I claim
as new and desire to secure by Letters Patent is:
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1. A device of the.character described compris-
ing, in combination, a conduit. adapted to con-
tain a conducting liquid and having a pair of
electrodes within it spaced from each other in.a
direction- transverse to the conduit, & magnetic
core having its poles embracing said conduit and
spaced in a direction transverse.to the spacing
of said electrodes, an electric coil for energizing
said core t0 create an alternating magnetic flux
across said-conduit creating a magnetic feld, and
means associated with said conduit.for modify-
ing said magnetic field to cause the same to sweep
in the direction of extension of the conduit,

2. A device of the character described-compris-
ing, in combination, a conduit adapted to eon-
tain .a conducting liquid and having a pair .of
electrodes within it spaced from each other in &
direction transverse to the conduit, a magnetic
core having its poles embracing said conduit and
spaced in a direction transverse to the spacing
of said electrodes, an electric coil for energizing
said core to create an alternating magnetic flux
across, said conduit, an auxiliary core having its
pole pieces embracing said conduit adjacent to
said energized core, whereby movement of a con-
ducting liquid within said conduit through the
flux of said energized core will energize said sec-
ond mentioned core, thereby creating a sweep-
ing fleld. '

3. A device of the character described compris-
ing, in combination, a conduit adapted:to contain
a conducting liquid and having a pair of elec~
trodes within it spaced from each other in a di-
rection transverse to-the conduit, a magnetic core
having its poles embracing said conduit and
spaced in a direction transverse to the spacing of
said electrodes, an electric coil for energizing said
core to create an alternating magnetic flux across
said conduit, an auxiliary core having its pole
pleces embracing said. conduit adjacent to. said
energized core, whereby movement of a conduct-
ing liquid within said conduit through the flux of
sald energized core will energize said second men-
tioned core, thereby creating a sweeping field,
and a by-pass conduit connécting a. point in said
conduit at the center of the pole face of said sec-
ond mentioned core with another point in said
conduit.

4. A device of the character described compris-
ing, in combination, a conduit adapted to con-
tain a conducting liquid and having a pair of elec-
trodes within it spaced from each other in a.di-
rection transverse to the conduit, a magnetic
core having its poles embracing sald conduit and
spaced in a direction transverse to the spacing
of said electrodes, an electric coil for energizing
said core to create an alternating magnetic flux
across said conduit, a pair of permeable cores,
each having pole faces embracing sald conduit,
one on each side of and adjacent to said ener-
gized core, whereby motion of a conducting liq-
uld within said conduit through the magnetic
field of said energized core will energize said ad-
Jjacent cores out of phase with the flux in said
energized core, whereby a sweeping flux is.ob-
tained.

5. A device of the character described compris-
ing, in combination, a conduit adapted to con-
tain a conducting liquid and having a pair of elec-
trodes within it spaced from each other in a di-
rection transverse to the conduit, a magnetic core
having its poles embracing said conduit .and
spaced in a direction transverse to the spacing
of said electrodes, an electric coil for energizing
said core to create an alternating magnetic flux
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across said conduit, -a; pair of :permeable: cores,
each having ‘pole faces embracmg said. conduit,
one on each side of and ‘adjacent ifo; said .ener-
gized core, whereby. motion. of a. conducting lig-
uid within said. condmt through the magnetlc
field of said energ1zed .core will energize s'a ad-
Jacent cores out of phase with. the flux. ‘i . sa1d

in sa1d condmt at the center of a pole face of the
energized.core with a. pomt m the conduit at the
center of the pole face of one of sald other: cores

6. A device of the charactér descnbed comprls-
1ng, in combination, a conduit adapted 1o contain
a conducting liquid and havibg a .pair of elec-

]

trodes within it spaced from each other in a d1rec— B

tion transverse to the. condult a. magnetlc core
having its poles embracing . said.. conduit” and
spaced in a direction transverse. to the spacmg of
said electrodes, an electrlc ‘coil for energlzmg sa1d

said conduit, a pair of permeable ¢ores, each hav-
ing pole faces embracing’ said’ condu1t .one’ on
each side of and adjacent, to sald energlzed core,
whereby motion of a conductmg 11qu1d within said

2

.«20
core to create an alternatmg magnetm flux across :°

[

conduit through the magnetm field: of ‘said ‘ener- -~

gized core will energ1ze ‘said adjacent ¢ores:out. of
phase with the flux in said’ energized core, where-
by a sweeping flux is obtained, and an auxmary
conduit connecting a_point in"said .conduit at
the center of a pole face of’ the energlzed core,
‘with' points in said, condmt at the centers of the
pole faces of each of said other cores. R

7. A device of the character descrlbed comprls-
ing, in combination, a condmt adapted tocontain
‘s’ conducting ‘liquid and" ‘having' a pair- of: elec—
trodes within it- spaced from” each other in'a
direction transverse to the conduit, 2 magnetlc
core having its poles embracing said conduit and
spaced in a direction transverse to the spacing of

said electrodes, an” electric “coil ‘ for- energlzmg‘

‘said core to create an alternating magnetlc flux
across said: conduit, and means for passmg Across
said conduit’ from one electrode to the- other a
current substantially in phase thh the ﬂux w1th-

3
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in said core, 1nclud1ng a constant current trans- :

former ‘having its primary: m serles w1th the
primary of the exciting '¢oil.:

“8. A device of the character descrlbed comprls-
ing, in combmatmn, a conduit adapted ‘to contain

a conducting liquid and: havmg a- palr of elec-/

trodes ‘within it spaced from each other” in 3
direction transverse to'the condmt a magnetm
core having its poles embracmg said condu1t and
spaced in a direction transverse to'the spacing of

50
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said electrodes; an electric coil for energizing’ sald :

core to create an alternatmg magnetic flux across
said conduit, and: means' for passing across sa1d

conduit from one electrode to the other a cur--

rent substantially in phase with the flux-within

60

said core, including a secondary coil ‘upon said :

main core having its termmals connected to sald
electrodes. :

9. A device of the character descrlbed compris-
ing, in combination, a conduit adapted to contain
a conducting liquid and -having a pair of elec-
trodes within it spaced from each other in-a
direction transverse to the conduit,”a magnetic
core having its'poles embracing said -conduit and
spaced in a direction ‘transverse- to the- spacmg
of said electrodes, an electric ¢oil for’ energizing

said core to create an alternating magnetic flux
across said conduit, and means for passing across
said conduit from one electrode to the other a
urrent substant1ally in phase with the ﬂux w1th-

6
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-In said. core, including a..secondary -coil upon &
“closed branch of said main core having its- ter-
.minals connected to said electrodes. -

10. A devxce of -the, character described com-
pnsmg, in. combmatlon, a conduit addpted to con-
tam a conductmg liquid and navmg a pair of elec-
trodes within it spaced irom each other in a
dxrectlon ‘transverse to the conduit, a magnetic

.core havmg ‘its poles embracing said conduit and

in a direction fransverse to the spaciug
1d electrodes, an electric corl for energlzmg

'sard ‘condmt from one ‘électrode’ to the other a

current substant1ally iin- phase with the flux
“within sard core, including a secondary coil upon
& separate portion’ of sdid main core having an
‘adjustable air gap therein, and having its. ter-
mmals connected to said’ electrodes.

. 11."A device of the character described com-
pr1smg, in combination, a conduit adapted to-con-
tain a conducting Lquid and having a pair of elec-
trodes within it ‘spaced from each other in a
d1rectlon transverse to the conduit, a magnetic
‘core havmg its poles embracing said conduit and
spaced in a” direction transverse to the spacing

.of $aid electrodes, an electric coil for energizing

‘said coreto create an alternating magnetic flux
across said conduit, a pair of auxiliary cores, each
having pole faces embracing said conduit between
them, and each of ‘said auxiliary cores having a
magnetxzmg coil, wh1ch magnetizing coils are
connected together, aux111ary means tor passing
an electnc current-through said conduit fromone
“electrode to the other, including a-transformer
“having- 1ts secondary connected across said elec-
‘trodés; and means  for reversing the ‘current m
the energlzmg coil for said first mentioned core.

12, ‘A devrce in accordance with claim 1, having
a magnetic’ electncally conductmg hqmd in sa1d
condmt e

13, A device in accordance with claim 2 having
a magnetlc electrlcally conductmg liquid 1n said
‘conduit. .

14; A- devrce ‘of 'the character described com-
prising;in- ‘combination, a conduit adapted to con-

‘tain a‘conducting liquid, a-magnetic ‘core having

‘pole - faces embracing sald conduit, an electric
coil -for-energizing said core to create an-alter-

‘nating: magnetic flux -across  the conduit, and

means associated with said conduit for modify-
ing‘said magrietic field to cause the same to sweep
in the direction ‘of extension of the conduit.

:15;: A-‘device of ‘the character described com-
pr1smg, in combmatmn a conduit” adapted to
contain ‘& conducting liquid, a magnetic core
having-pole faces 'embracing said conduit, an
electric ‘coil for energizing said core to create
an alternating magnetic flux across the conduit,
an aux111ary .core having pole faces embracing
said. ‘¢onduit adJacent to the : energized core,
whereby movement of: & conducting liquid within
said- conduit through the flux of said energized
core. will- energizesaid: second ‘mentioned core,
thereby -creating a sweeping field.

16: A:device .of the character described com-

~prising,-in combination, a -conduitadapted to

contain’a conducting liquid, a magnetic core
having pole faces embracing said conduit, an
electric-coil ‘for energizing said core to create an
alternating magnetic” flux-across the conduit,
means associated with said conduit for modifying
said electncal field ‘to cause the same to sweep
in the direction of extension of the conduit and
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~a‘magnetic électrically conduéting ‘liquid within
said- conduit.

17, A device of the character described ‘com-
prising, in combination, a conduit adapted to-con-
tain-a conducting ‘liquid -and -having-a pair-of
electrodes ‘within it spaced from each other:in-a
direction “transverse to the conduit, -a ‘magnetic
core having:its poles embracing said-‘conduit-and

“spaced in a “direction transverse-to the spacing
of said electrodes, an-electric coil-for energizing
said core to create an'alternating magnetic flux

-across said conduit, anauxiliary core having its
pole “faces “embracing “said “conduit “adfacent “to
sald energized core, whereby movement ¢f ‘a con-
“ducting liquid within said -conduit through the
‘flux of said energized core will energize said sec-
‘ond mentioried core, thereby creating a sweeping
‘fleld, and a by-pass conduit connecting 'a point in
said conduit at the center of the pole face of
said energized core with another point ‘in.said
conduit.

18. A device of the character desciibed com-
prising, in combination, a conduit adapted to con-
tain a conducting liquid and having.a pair of elec-
‘trodes within it spaced from each other in a ‘di-
rection transverse to the conduit, a magnetic core
having its poles embracing said conduit and
spaced in a direction transverse to.the spacing.of
said electrodes, an electric coil for energizing.said
core to create an alternating magnetic flux across
said conduit, a ‘permeable . core adjacent.to.said
‘first mentioned core having pole faces embracing
said conduit, whereby motion of .a conducting
liquid within said conduit through the magnetic
field of said energized .core will.energize said ad-
jacent core out .of phase with the flux in:said
energized core, whereby a.sweeping:field.is ob-
tained, and a by-pass conduit connecting a point
in said conduit at the center of a pole.face of
the energized core with a point in the conduit
at the center of a pole face of -said permeable
core.

19. A device of the character described.com-
prising, in combination, a conduit -adapted to
contain a conducting liquid, a plurality.of paths
for said conducting .liquid, magnetic means.for
moving a liquid -within said .conduit along each
of -said .paths with  alternating metions out .of
phase with each other, whereby :a:substantially
continuous flow is obtamed

20.. A device of the character described:com-
prising, in combination, -a -conduit .adapted to
contain a conducting liquid,.said conduit.having
means to permit oscillatory.motion of. liquid.in

one part, out of phase with oscillatory motion in

another part, a plurality of electrical means.for
inducing a reciprocating flow of a..conduéting
liquid within said conduit, through said conduiit,
said ‘means being out of phase-with each other,
whereby - the reversal: of the liquid in- one-portion
of said conduit occurs-while-the liquid’ in-another
portion of the conduit is moving.

21, In-a-system for reciprocating a conducting
liquid through a conduit.against-a loadiby élee-
tromagnetic means, :including a magnetic :Reld
reacting upon the liquid the method of:reducing
the starting - current which comprises ;providing
an -unloaded by-pass for said-conducting liquid
from within said conduit.

22. In.a device for.the reciprocation.of-a. con-
ducting fluid through.a conduit.by.means.of an
alternating flux passed across the conduit, .the
method of ‘improving the .power .factor which
comprises impressing upon the conducting liquid
a voltage in such-phase -as-to shift the phase of
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-oselllatory motion of the secondary current in the
:lquid ‘in “the :direction of “lead, with respect:to
~themain-voltage;

23. Ina-device torthe‘rec!procation‘ of a-con-
‘duetimg ‘fluid through a conduit:by:means of‘an
-alternating: flux passed across ‘the conduit; the
‘méthod ‘6f reduéing the‘starting -current which
“comprises-providing an ‘initfally unloaded path-
‘way: for-satd -conducting Hquid-and starting -a
‘portionof “said - Hquid -in ‘motion -through 'said
‘pathway while-not-urrder 1oad: beéfore starting the
-remainder in-notton.

24, ‘A’ device of the “tharacter -described com-

‘prismg a“conduit having a pair-of electrodes lon-
gitudinally disposed theretn, a compression cham-
“ber-at-each end of safd-condult tnéluding a valve
‘mechanism’for pumping flufd by the movement of
safd conducting flufd, a-patr-6f motor units, each
-comprising -a ~magnétic ‘core ‘having "its "poles
“spaced -~apart “ in -a -“direction transverse to-the
‘spactng -of “satd-electrodes .to ‘embrace sald con-
‘dutt, amd an-electrtecoll for energizing safd core
“to create -an -alternating “magnetic "flux sgcross
sald condult,and means-associated with sald con-
“duit‘for modifying sald electric fleld to cause the
.same “to  move "a ‘conducting liquid contained
‘within-safd ‘conduitt in:the direction of .motion of
the condutt, and an-auxiliary ¢chamber connected
to safd conduit Intermeédiate between said motors
“whereby: the “movement "of sald ‘conducting 'fuid
‘through "one of said motors may be.out 6f.phase
‘with the movement.of the fliid.through the other
of said motors.

"25. 'A device .¢f the character. described com-
prising a condiit ' having a pair of électrodes lon-
gitudinally "disposed’ therein, .a .compression
chamber at each.end.of. said conduit including a
valve mechanism for. pumping fluid by.the move-
-ment of said conducting -fluid, .a palr .of .motor
.units, each.comprising.a magnetic core having: its
poles ;spaced.-apart .in .a . direction .transverse to
‘the .spacing .of .said -electrades .to embrace .said
conduit, .and:an electric coil for .energizing said
core to.create an alternating. magnetic flux across
said .conduit, .each.of.said-motors having -a .core
having .its.pole face.divided into.a -plurality . of
pole sections, one of said sections being-energized
by said .coil .wherehy .the movement of.said con-
ducting ‘fluid.past sald .energized. section .will in-
‘duce secondary .currents.to energize.said .other
section whereby. said-electric fleld is -caused -to
sweep in the .direction-of extension .of the.con-
duit,.and an euxiliary.chamber.connected. to said
conduit intermedidite between said motors where-
by.the movement. of said.conducting. fluid. through
one.of .said-motors.may-be.out.of phase with the
movement.of the.fluid through:the other-of said
motors.

26.-A .device:of : the .character described .com-
prising.a. conduif. having.a pair- of.electrodes lon-
gitudinally. disposed therein, a-€ompression cham-
ber at each end of said conduit including-a valve
mechanism for-pumping fluid by the movement of
said.condueting.-fluid, a. pair. of motor:units, each
comprising. .a .magnetic. core .having :its .poles
spaced . apart .in g -.direction -transverse to :the
specing .of .said :electrodes .to. embrace said con-
duit,. and.an-electric. coil. for.energizing: said core
to.create.an alternating.magnetic. flux across said
conduit, .each. of.said.motors-having -a core hav-
ing.its.pole face divided-into three pole sections,
the center of one of said sections.-being energized
by said-coil whereby the movement of said con-
ducting fluid. past said .energized. section will in-
duce secondary currerits*to energize each of said
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othervs'e’ctiohs whereby said electric field is caused

“to sweep in the direction of extension of the con~"

-diiit in either direction of motion, and an auxil-
‘{ary . chamber connected to:said conduit ‘inter-
mediate between said motors whereby the move-
ment of said.conducting fluid through one of said
- ‘motors may be out of phase with the movement
of the fluid through the other of said motors.

“97. A ‘device of the character: described com-
prising a conduit having a pair of electrodes lon-
gitudinally . disposed - therein,. a compression
chamber at each end of said conduit including a
valve mechanism for pumping fluid by the move-
ment of said conducting fluid, a pair of motor
units, each comprising a magnetic core having its
poles spaced apart in-a direction transverse to the
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current substantially in phase with the flux with-
in said core, and auxiliary poles embracing said
conduit adjacent to the poles of said core where-~

- by the short circuit currents in said conduit-are

10
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spacing of said electrodes to embrace said con- -

duit, and an electric coil for energizing said core
to create an alternating magnetic flux across said
conduit, each of said motors having a core hav-
ing its pole face divided into three pole sections,
the center of one of said sections being energized
by said - coil whereby the movement of said con-
ducting fluid past said energized section will in-
duce secondary currents to energize each of said
other sections whereby said electric field is caused
to sweep in the direction of extension of the con-
duit in either direction of motion, and an auxil-
iary chamber connected tosaid condui{ interme-
diate between said motors whereby the movement
of said conducting fluid through one of said mo-
tors may be out of phase with the movement of
the fluid through the other of said motors, and an
auxiliary conduit connecting a point in said con-
duit at the center of the energized pole with a
point on’ said conduit at the center of one of said
other poles. )

28. A device of the character described com-
prising a conduit having a pair of electrodes lon-
gitudinally disposed therein, a compression
chamber at each end of said conduit including a
valve mechanism for pumping fluid by the move-
ment of said conducting fluid, a pair of metor
units, each comprising a magnetic core having its
poles spaced apart in a ‘direction - transverse to
the spacing of said electrodes to embrace said con-
duit, and an electric coil for energizing said core
to create an alternating magnetic flux across said
conduit, each of said motors having a core hav-
ing its pole face divided into three pole sections,
the center of one of said sections being energized
by said coil whereby. the movement of said con-
ducting fluid past said energized section will in-
duce secondary currents to energize €ach of said
other sections whereby said electric field is caused
to sweep in the direction of extension of the con-
duit in either direction of motion, and an auxil-
iary chamber connected to said conduit interme-
diate between said motors whereby the movement;
of said conducting fluid through one of said mo-
tors may be out of phase with the movement of
the fluid through the other of said motors, said
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auxiliary chamber being open at its upper end -

and having a check valve in said opening,

99. A device of the character described com-
prising, in combination, a conduit adapted to con-
tain a conducting liquid and having a pair of
electrades within it spaced from each other in a
direction transverse to the conduit, a magnetic
core having its poles embracing said conduit and
spaced in a direction transverse to the spacing
of said electrodes, an electric coil for energizing
said core to create an alternating magnetic flux
across said conduit, and means for passing across
said conduit from one electrode to the other a

b

reduced and a flux is generated in said auxiliary
poles, which assists in driving said liquid.

30. A device of the character described -com-
prising, in combination, a conduit adapted to
contain a conducting liquid and. having a;:pair
of electrodes within it spaced from each other
in a direction transverse to the conduit, & mag-
netic core having its poles embracing said con-
duit and spaced. in a direction transverse to the

‘spacing of said electrodes, an electric coil for ener-

gizing said core to create an alternating magnetic
flug across said conduit, and means actuated by

‘motion of the liquid through said conduit for

giving a sweeping motion to the flux in the di-
rection of motion, whereby the motor force gen-
erated by the flux ceases when the motion ceases
and is reversed when the motion ceases and re-
verses. ,

31. A device of the character described com-
prising, in combination, a conduit adapted. to
contain a conducting liquid and having a pair
of electrodes within it spaced from each other
in a direction transverse to the conduit, a mag-
netic core having its poles embracing said con-
duit and spaced in a direction transverse to the
spacing of said electrodes, an eleciric coil for
energizing said core to create an alternating mag-
netic flux across said conduit, an auxiliary core
having its pole pieces embracing said conduit
adjacent to said energized core, whereby move-
ment of a conducting liquid within said con-
duit through the flux of said energized core will
energize said second mentioned core, and aux-
iliary means for energizing said auxiliary core.

32. A device of the character described com-
prising a conduit having a pair of electrodes
longitudinally disposed therein, a compression
chamber at each end of said conduit including a
valve mechanism for pumping fluid by the move-
ment of said conducting fluid into said compres-
sion’ chamber, a pair of motor units, each:com-
prising ‘& magnetic core having its poles spaced
apart in a direction transverse to the spacing of

“said electrodes to embrace said conduit, and an

electric coil for energizing said core to create an
alternating magnetic flux across said conduit,
each of said motors having a core having its
pole face divided into three pole sections, the
center of one of said sections being energized by
said coil whereby the movement cf said conduct-
ing fluid past said energized section will induce
secondary currents to energize each of said other
sections whereby said electric field is caused to
sweep in the direction of extension of the conduit
in either direction of metion, and an auxiliary
chamber connected to-said conduit intermediate
between said motors whereby the movement of
said conducting fluid through one of said mo-
tors may be out of phase with the movement
of the fluid through the other-of said motors,
sald auxiliary chamber connecting at its upper

-end to the compression chamber and having valve

mechanism to permit the discharge of gas against

said compression chamber.

70

75

33. A device according to claim 1 having means
to define the path of currents in the electrode
tube comprising an insulating barrier within the
conduit parallel to the direction of extension of

sald electrodes.
» FRANCIS LAGO.
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