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[5 7] ABSTRACT 
An ink reservoir having the form of a vertical parabo~ 
loid of revolution is provided with ink jets directed ra 
dially outward. The reservoir is rotated about its axis 
while paper is driven past the ink jets which are selec~ 
tively operated to eject ink on to the paper. The reser 
voir has a parabolic passageway adjacent to its wall 
and conforming to its shape through which ink stored 
in the reservoir ?ows to the ink jets. The paraboloidal 
shape of the reservoir and its angular velocity are such 
that the ink is forced up to the ink jets through the 
parabolic passageway regardless of the amount of ink 
in the reservoir. The parabolic passageway prevents 
the centrifugal force and the pressure ‘head of the 
stored ink from acting on the ink adjacent to the ink 
jets and thereby causing unwanted leakage there 

> through. 

9 Claims, 7 Drawing Figures 
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ROTATABLE PARABOLOIDAL RESERVOIR 
USEFUL IN AN INK JET PRINTER 

ENVIRONMENT OF THE INVENTION ‘AND PRIOR 
.- ART ' ' 

The invention herein disclosed pertains to an ink jet 
printer wherein ink jets, mounted on the periphery of 
an ink reservoir, which is rotated about a vertical .axis, 

5 

are selectively‘ activated to eject ink as they are swept '0 
past a printing medium. The reservoir is usually a cylin 
der and the jets extend radially outward from its pe 
riphery at equally'spaced intervals and at a uniform 
height above the base of the cylinder. The ink jets may 
be simple tubes equipped with a piezoelectric constric-' 
tor or other pump element. Such jets cannot sustain a 
substantial pressure, due to combined effects of the 
head pressure and the centrifugal force of the ink con 
tained in the reservoir, without leaking since the ink 
jets are opened tubes. In the printing art leaking of ink 
is undesirable. v 

- Design of a suitable ink jet printer involves satisfying 
several objectives. The ?rst; already discussed, requires 
that the ink jets not leak at the rated angular velocity 
of the reservoir required to establish the desired print 
ing speed. Secondly, the reservoir must have the capac 
ity for extended printing usage. The third, related to the 
second, is the full utilization of all the ink in the reser 
voir. 
Several solutions may be utilized to provide such a 

suitable printer. For example, if the jets are placed at 
thebottorn of the reservoir, ‘all the ink in the reservoir 
will be available to the jets. However. the pressure at 
the depth of the full reservoir and the radial centrifugal 
forcesmay cause leakage through the jets. One solution 
is to limit the angular velocity of the reservoir. A sec 
ond solution is to limit its capacity. A combination of‘ 
the two solutions may also be used. None of these pro 
posals has provided a satisfactory printer. 
Another variation is to place the ink jets near the top 

of the reservoir whereby the‘ pressure head at the loca 
tion of the ink jets is less than if they were at a greater 
depth. It ‘should be apparent, however, that a large por 
tion of the ink will never reach the ink because the ink 
level will eventually fall below the location of the ink 
jets as it is utilized. ’ 

An improved ink jet printer is needed whereby the 
de?ciencies of the conventional printers are overcome. 

SUMMARY OF THE INVENTION 
' According to the present invention, ?uid is provided 

in a passageway having an upwardly sloped path. An 
entrance for the’?uid is provided at a port along the 
passageway. The passageway is rotated about a vertical 
axis at an angular velocity sufficient to cause the ?uid 
to riseupward to an output port, located at a point 
above the input port, where the ?uidis utilized. 

1 BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a perspective view of an ink jet printing ap 
paratus embodying the present invention; 
1 FIG. 2 is a schematic of a portion of a ?uid container 
in rotation about a vertical axis showing an incremental 
?uid portion therein; 
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FIG. 2A is an enlarged fragmentary view of a portion 

of FIG. 2 showing the forces acting on the ?uid portion 
shown in FIG. 2; ' I ‘ \ 

FIG. 3 is a vertical cross-sectional view of an ink res 
ervoir embodying the invention and useful in an ink jet 
printing apparatus such as that in FIG. 1 as viewed 
along section line 3—3; ' i i g 

‘ ' FIG. 3A‘ is a set of graphs of three parabolas illustrat 
ing a principle of the invention; 
FIG. 4 is a horizontal cross-sectional view, taken at 

section 4—-4 of FIG. 1, of the ink reservoir of FIG. 3 
modi?ed for multi-color printing; 
FIG. Sis a vertical cross-sectional view, taken at sec 

tion 5-5 of FIG. 1, of another ink reservoir embodying 
the invention. 7 

In each of the Figures like reference designations in 
dicate the same element. I 

DETAILED DESCRIPTION OF THE PREFERRED 
‘ ' EMBODIMENTS 

FIG. 1 is a schematic diagram of an ink jet printing 
apparatus-which embodies the present invention. Res 
ervoir 10,: of generally parabolic‘form, contains ink 
which ?ows along internal paths to ink jets 12 located 
at regular spaced positions about its periphery and at 
a uniform height along its axis. Reservoir 10 has the 
form of a paraboloid of revolution for the reasons that 
will be described. Reservoir 10 is closed by removeable 
cover‘ll. Reservoir 10 is rotated about its vertical axis, 
held in a vertical position, at an angular velocity w, by 
drive means 14 coupled thereto by drive shaft 16. 
Paper‘ 18, or other printing medium, is suitably driven 
past ink jets 12 in cooperation with the rotating reser 
voir as is known in the art.‘ _ ~ ‘ ' 

Paper 18 is supplied from supply roll 20 and is ‘re 
ceived between rollers 24 and 26 which comprise pinch 
roller assembly 22. Pinch rollers 24 and 26 are urged 
against each by a spring mechanism or other suitable 
means, not shown. Either or both pinch rollers 24 and 
26 are suitably driven, by means not shown, to urge a 
suitable paper upward and along warped guide member 
28. Warped guide member 28 is described in detail in 
US. Pat. application, Ser. vNo. 192,209, ?led Oct. 26, 
l97l, entitled “Printing Apparatus” by Kenneth Fisch 
beck and assigned to the same assignee as the present 
application. Warped guide member 28 receives, at its 
straight line portion 30, paper 18 as it emerges from 
rollers 24 and 26. Curved line portion 32 of curved 
guide member 28 is arranged to conform paper 18 
close to the circular periphery of reservoir 10 as it is 
driven past ink jets 12. 

Ink jets 12 are operated in accordance with print 
control signals from control means 34 to selectively 
eject ink on the surface of paper 18 whereby the ink 
pattern manifested represents the information of the 
signals. The control signals are conducted by conduc 
tor 36 to brushes 38 which contact slip rings 40. Con 
ductor 42 is connected between thevcommutator rings 
and ink jets 12. Although conductor 42 is shown as run 
ning along the surface of reservoir 10 for illustrative 
purposes, they may be buried in the wall material form 
ing the reservoir 10. The return path for the control sig 
nal carried by conductor 42 is not shown. If the reser 
voir were constructed of metal, it could carry the re 
turn signal. 
Ink jets 12, of conventional form for pumping or me 

tering ink, comprise a tube or capillary surrounded by 
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' a piezoelectric constrictor 66. When a voltage, is ap 
plied to piezoelectric constrictor 66, tube portion 68 is 
squeezed and ink within it is ejected. The amount of . 
ejected ink is determined by the magnitude and dura 
tion of the applied voltage. Although piezoelectric jets 
are preferred because of their simplicity, low cost, and 
capability of operating at the rated printing speed, any . 
suitable ink jet may be used as the pump or metering 
element which is operable upon the’ reception of a com— 
mand signal. ' 

In conventional color ink jet printing apparatus, res 
ervoir 10 is divided into compartments, with each com 
partment containing one of the subtractive primary col 
ors, magenta, yellow and cyan, or black and having an 
associated ink jet 12. Ink jet printing apparatus 1 has 
four control signal paths (each consisting of a wire 36, 
a brush 38, a slip ring 40, and a wire 42) coupling con 
trol means 34 to four ink jets 12. Each inkjet 12 is sup 
plied with a different color ink from a respective reser 
voir and is controlled by a respective control signal. It 
should be noted that a printing apparatus employed in 
single color printing may also use a plurality of ink jets 
to increase thereby the writing speed. 

Reservoir. 10 either may be a replaceable throw-away 
cartridge or, if desired, may be re?llable by replacing 
ink from the top after removing cover 11. 

In operation, reservoir 10 is placed on shaft 16 and 
rotated. Printing is accomplished by selectively ener 
gizing an ink jet 12 as it passes the location of paper 18 
in response to the control signals. When one line of 
printing is completed, paper is driven upward by a 
pinch roller assembly 22. In multi-color printing, one 
line of print corresponds to one complete rotation of 
reservoir 10, whereas, in single color printing, one line 
of print corresponds to the sweep of a single ink jet 12 
across paper 18 requiring, thus, an increased paper ad 
vance speed. At the end of an entire page of print, the 
paper may be cut off at the curve line portion 32 of 
guide member 28- or, alternatively, collected by a take 
up roll, not shown. 
Before describing in detail reservoirs embodying the 

present invention, the dynamic characteristics of a ?uid 
rotated about a vertical axis will be described. In FIG. 
2, an incompressable ?uid 44 is rotated about a vertical 
axis 46 at an angular velocity to in a container having 
walls 48. For the purpose of this description, fluid 44 
is assumed to consist of an in?nite number of incre 
mentally small cubes 50 of ?uid 44 radially spaced 
from axis 46 by distance r and having sides of incre 
mental area 6A and incremental length 8r. As ?uid 44 
is rotated, cube 50 is subject to a radial acceleration, 
and consequentially, a centrifugal force which pushes 
it radially outward. Simultaneously, cube 50 is sub 
jected to a head pressure, which directly depends on its 
vertical distance from its free surface 52, which acts 
upon the cube uniformly from all directions. Cube 50 
continues to move until free surface 52 assumes a 
shape in accordance to the movement of ?uid 44 such 
that the hydrostatic pressure and the centrifugal force 
acting on cube 50 are equal. 
FIG. 2A is a diagram of the forces acting on cube 50 

as it is accelerated radially outward due to the rotation 
‘of ?uid 44 shown in FIG. 2. The force due to the pres 
sure acting on one face of cube 50 is equal to the prod 
uct of thepressure at that face and the incremental 

- area of that face, 6A. The difference between the pres 
sures at faces 51a and 51b is the increase of pressure 
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4 
due to the incremental increase of radial distance, 5r, 
between them. Between faces 51a and 511), over the in 
cremental distance 8r, the differential rate of change of 
pressure is expressed as dp/dr. Therefore, the increase 
of pressure at face 51!) above the pressure at face 51a 
is (dp/dr) 8r. The force acting at face 51a has a magni 
tude of p5A resulting in block 50 being forced radially 
outward. The force acting at face 51b is (p + (dp/dr) 8r) 
8A causing the block 50 to be forced radially inward. 
The centrifugal force acting on a body moving in a cir 
cular path'around an axis at angular velocity to, at a ra~ 
dial distance r and having a mass~ m may be expressed 
by the relation: mmzr. The weight of cube 50 is the 
product of its speci?c weight (weight per unit volu 
me)y and its volume, which product is thus expressed 
as 6A5r. Since the mass of an object is its weight di 
vided by the acceleration of gravity, g, the mass, m, of 
cube 50 is 5A5ry/g and the centrifugal force pushing it 
radially outward is (5A8ry/g)w2r. The equation of the 
forces acting on cube 50 is: 

After algebraically simplifying, equation ( 1) results in: 

dp/dr -_—=('y/g) mgr or dp = (y/g) mzr dr (2) 

Integrating both sides of the above equation (2) results 
in: 

p= (v/g) (w2r2/2) + c m 

where c is the constant of integration. Expression (3) 
is an equation ofa family of parallel parabolas and indi 
cates that along the path of any one of such parabolas, 
the pressure is constant. For equilibrium, as stated 
above, the force due to head pressure at any point 
within ?uid 44 must balance the centrifugal forces act 
ing thereon. The force of the head pressure of a point 
within a ?uid is equal to the produce of its vertical 
height h from the ?uid’s free surface 52 as it rotated 
and its speci?c weight. Therefore: 
hy = y/g (w2r2/2) + c or h = (w2r2/2g) + c/y (4) 

Equation (4) also describes a parabola and indicates 
that the free surface 52 (FIG. 2) of ?uid 44 rotated 
about vertical axis 46 at a ?xed angular velocity u) is 
formed into a portion of a parabola which rises as the 
square of the radial distance r from axis 46. If the per 
pendicular coordiante axes of radial distance and verti 
cal height are chosen to have their origin at the parabo 
la’s vertex 54, the equation for height of the ?uid above 
the vertex as a function of radial distance takes the 
form of'h = w2r2/2g. 
Therefore, it will now be understood that ?uid in a 

container rotated about a vertical axis at a ?xed angu 
lar velocity rises in ‘a parabolic path so as to create a 
difference in head pressure to counteract the pressure 
differential due to the centrifugal force. The three di 
mensional shape of the ?uid thus created is a parabo 
loid of revolution. 
FIG. 3 is a cross-sectional view of ink reservoir 10 

taken through the viewing plane 3-3 of ink jet printing 
apparatus 1 of FIG. 1 which illustrates one embodiment 
of the invention in which the principles of ?uid dynam 
ics just described are utilized. Reservoir 10 is formed 
of inner paraboloidal container 58 coaxially inserted 
within outer paraboloidal container 56. Inner parabo 
loidal container 58 has its vertex 57 vertically displaced 



3,823,409 
5 

along axis 46 from thevertex 59 of outer paraboloidal 
container 56 to form thereby passageway 60 between 
the two paraboloidal containers. Inner and outer parab 
oloidal containers, respectively, 58'and 56, have differ 
ent paraboloidal shapes which depend on the rated an 
gular velocity, to, at which reservoir 10 is rotated about 
its axis 46 as will be described. Although the passage 
way 60 should not be termed a parabola, it will be ap 
preciated that as the spacing between the two contain 
ers 56 and 58 is reduced; such a passageway 60 more 
nearly becomes a parabola. For the purposes of the 
present description, the passageway 60 shall be re 
ferred to as a parabolic passageway. An ori?ce 62 is lo 
cated at the vertex 57 of inner paraboloidal container 
58 so that ink 64 stored therein may ?ow to passageway 
60. The containers 56 and 58 can be constructed from 
any substantially non-?exible material, including plas 
tic, suitable for use as a throw-away cartridge. The two 
paraboloidal containers 56 and 58 are suitably spaced 
apart by structural members, not shown. The fonn, 
number and location of ‘such structural members 
should not impede the flow of ink 64 between inner pa 
raboloidal container 58 and ink jets l2. Inkjets l2 radi 
ally extend outward from outer parabolic container 56 
and communicate between ‘passageway 60 and the ex 
terior of reservoir 10. lnkjets 12 can be a?xed to reser 
voir 10 by any conventional manner. For instance, they 
may be provided with threading which would allow 
‘them to be removeable for purposes of cleaning or re 
placement. Cover 11 is removeably mounted on the 
open ends of the two paraboloidal containers 56 and 58 
by means of press ?t, threading, or in any other suitable 
manner so that reservoir 10 maybe loaded with ink, if 
desired. Reservoir l0 coacts with the remainder of 
printingapparatus l in the same manner as was previ 
ously explained with respect to the detailed description 
of FIG. 1. . 

When reservoir 10 is rotated about axis 46 at angular 
velocity to, surface 52 ofink 64, within inner paraboloi 
dal container 58, assumes a paraboloidal shape directly 
dependent on (02 according to equation (4). 

In FIG. 3A, parabolic curve A represents the cross 
section of the paraboloidal shape of ?uid surface 52 
shownv in FIG. 3.‘ Parabolic curves B and C represent 
the cross-sections of the inner and outer paraboloidal 
reservoirs, respectively, 58 and 56. Outer paraboloidal 
container 56 is arranged to widen more rapidly as a 
function of vertical height, h, then does the paraboloi 
dal shape of surface 52 of ink 64, noting that the shape 
of surface 52 is determined by the ?xed, predetermined 
angular velocity of the rotating printing head reservoir. 
Inner paraboloidal container 58, however, is arranged 
to widen less rapidly as a function of vertical height 11 
than does the paraboloidal shape of surface 52 of ink 
64. The difference in curves A, B and C may also be ex 
pressed in terms of slopes. As used in the remainder of 
the specification, the term slope means the average rate 
of change in vertical height with respect to a change in 
radial distance. The slope of curve C (outer paraboloi 
dal container 56) is less than the slope of curve A (free 
surface 52 of ink 64) while the slope of curve B (inner 
paraboloidal container 58) is greater than the slope of 
curve A. The differences in the various parabolic 
shapes in FIGS. 3 and 3A are exaggerated, it should be 
understood, to facilitate an understanding of the opera 
tion of reservoirlO according to this invention. The 
size of parabolic passageway 60 in comparison to the 
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overall size of reservoir I0 is also exaggerated for the 
same reason. 

When reservoir 10 is not rotated, ink 64 will assume 
the same level in both inner paraboloidal container 58 
and parabolic passageway 60. As rotation begins, ink 
64 in passageway 60 begins to rise upward in a para 
bolic path toward ink jets 12. At the predetermined 
steady state angular velocity (‘0, ink 64 in passageway 60 
is sustained above ink jets 12. As inkl64’ in parabolic 
passageway 60 is depleted through ink jets 12, it is re 
plenished by ink 64 from within inner paraboloidal 
container v58 passing to passageway 60 through vertex 
ori?ce 62. As long as there is ink 64 in inner paraboloi 
dal container 58, the volume of ink 64 in parabolic pas 
sageway 60 will be kept substantially constant. Under 
these conditions, the height of ink 64’ in parabolic pas 
sageway 60 is solely dependent on the volume of ink 
64’ in the passageway and angular velocity in of reser 
voir Ill). Surface 70 of ink 64' within passageway 60 fol 
lows a complex curve which tends to be both paraboloi~ 
dal due to the rotation of reservoir 10 as well as tending 
to be a meniscus if passageway 60 is so narrow as to 
have the properties of a capillary. The arrows shown in 
FIG. 3 indicate generally the flow of ink from inner pa 
raboloidal container 58, through ori?ce 62, and up to 
ink jets 12 through parabolic passageway 60. 
Inner paraboloidal container 58 having a parabolic 

cross-sectional curve B which is steeper than the para 
bolic cross-sectional curve~ A of surface 52 of ink 64, 
tends to cause all the ink 64 to exit downward through 
ori?ce 62 into parabolic passageway 60. Further, outer 
paraboloidal container 56 having a parabolic cross 
sectional curve C which widens more rapidly as a func 
tion of vertical height, 11, than does the parabolic cross 
sectional curve A of surface 52 of ink 64, ink remaining 
in parabolic passageway 60 after ink in inner paraboloi~ 
dal container 58 is depelted, ?ows to ink jets 12 in an 
ever decreasing paraboloidal ink layer, whose surface 
conforms to the same family of .parabolas as curve A. 
When inner paraboloid container 58 still contains ink, 
the head pressure within parabolic passageway 60 is a 
function of the vertical distance from the wall of inner 
paraboloidal container 58 and can be quite small if the 
spacing of parabolic passageway 60 is made small. 
When the ink is depleted from inner container 58, the 
pressure at any point within such a relatively thin pa 
raboloidal ink layer ?owing upwardly along the wall of 
outer paraboloidal container 56 isa function of its ver 
tical distance from its free surface and is also quite 
small. As a result of the geometrical structure of reser 
voir l0, leakage of ink 64 through ink jets 12 is mini 
mized while its storage capacity and ink utilization is 
maximized. Although the embodiment of FIG. 3 is 
based on an inner paraboloidal container having a 
steeper slope than the free surface of the ?uid to assure 
full use of the ink therein, it will be appreciated that the 
inner container having less slope than the slope of the 
free surface will still be useful even though full use of 
the ink is not achieved. 
FIG. 4 is a sectional view of reservoir III of FIG. 3, 

taken horizontally at the vertical height of ink jets ;12 
along viewing lines 4—4, showing structural modi?ca 
tions for muIti-color printing. Criss-cross member 72 
divides reservoir 10 into four equal quadrants or com 
partments. Each quadrant comprises a quadrant, 58a, 
58b, 58c and 58d, of inner parabolic container 58 com 
municating, respectively, with a quadrant, 60a, 60b, 
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"60c and 60d of ‘parabolic passageway 60 via a separate 
ori?ce located at the vertex of inner paraboloidal con 
tainer58. An ink having one of the subtractive primary 
colors, red, yellow. and bluefor black is-iplaced into a 
respective one of the four compartments. In operation, 
the reservoir of FIG. 4 is similar to that for the reservoir 
of FIG. 3. Ink contained in each of quadrants, 58a, 58b, 
58c and 58d of inner paraboloidal container 58 ?ows 
through a respective ori?ce at the vertex of inner pa 
raboloidal container 58 to a respective quadrant 60a, 
60b, 60c and 60d of parabolic passageway 60 and up 
ward, in a parabolic'path, to a respective ink jet, 12a. 
12b, 12c and 12d where it is selectively ejected as the 
ink jet is swept past the printing material as reservoir 
10 is rotated about its axis. ' 

It is to be noted that ink jets 12 in the embodiment 
of FIG. 4 are, somewhat outwardly extended from the 
periphery of outer paraboloidal container 56. The pur 
pose of this funnel-like extension is to ensure that the 
remnants of the ink, when the’ reservoir is almost de 
pleted, reaches ink jets 12 as it rises upwardly along the 
inner side of outer paraboloidalcontain'er 56. 
F IG.‘ 5 is a vertical cross-sectional, view of another 

modi?cation of ink reservoir 10 useful in ink jet print 
ing apparatus 1 of FIG. 1 embodying the present inven 
tion. As in FIG. 3,v paraboloidal container 56 having 
cover Ila is coaxially mounted on drive shaft 16 and 
has ink jets 12 each mounted in spaced relation at a 
predetermined height around the periphery. However, 
in this embodiment, a tube 74 is provided along the 
inner side of paraboloidal container 56 preferably be 
tween the vertex of paraboloidal container 56 and an 
ink jet 12 to form passageway by which ink 64 stored 
within paraboloidal container may ?ow through the or 
i?ce 76 of tube 74 to ink jet 12 along a parabolic path 
defined by tube 74. When reservoir 10 is rotated about 
axis‘ 46; surface 52' of ink 64 forms into aparaboloid 
of revolution.‘ Additional tubes 74 are provided and ar 
ranged in similar'fashion for each additional ink jet 12 
provided on the printer ink container. As in FIG. 3, the 
parabolic shape of paraboloidal container 56 (curve C) 
is arranged to widen more rapidly'as a function of verti 
cal height. 11, than does surface 52 of ink 64 (curve A) 
generated by the rotation thereof at the predetermined 
speed required. ~ - 

At standstill. ink 64 enters tube 74 through its ori?ce 
76 and rises to a level somewhat higher than its level in 
paraboloidal container 56 due to capillary action co 
acting with the ink‘s propensity to achieve its own level. 
As reservoir 10 is rotated about its axis, the ink in tube 
74 rises upward in a parabolic path to ink jet 12 where 
it is selectively ejected. As long as there is suf?cient ink 
64 in paraboloidal container 56 to supply tube 74, a 
constant volume of ink will be maintained in tube 74. 
The height of ink 64 within tube 74 under these condi 
tions is dependent'on angular velocity to and the vol 
ume of ink 64 intube 74. Even though ink 64 in parab 
oloidal container 56 is depleted to the extent that it will 
no longer be great enough to maintain a constant vol 
ume of ink 64 in tube 74, ink will be supplied to the jet 
12 according to the invention since the ink ?ows along 
the parabolic path of the tube 74 detennined by the 
contour of the container 56. The head pressure at a 
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point within tube 74 IS a function of its vertical distance 
from the top most portion of tube 74 and can be quite 
small if the diameter of tube 74 is made small._ I 

8 
Although the preferred form of the reservoir con 

tainer was described in terms of being of paraboloidal 
form, it will be‘ appreciated by those skilled in the art 
that other similar curvilinear as well as linearly sloped 
members or cones may be used to conduct ink to the 
ink jets. ' I ' 

It should now be understood that an improved ink jet 
printer is provided according to this invention which 
solves the problem of supplying large volumes of ink 
without causing the ink jets to leak a result of the 
combined effects of centrifugal force and head pres 
sure on the ink. By providing the ink reservoir, rotated 
at the required printing speed, with a passageway 
sloped upwardly toward the ink jets in critical relation 
to the slope of the rotated ?uid and thereby the speed 
of rotation, the ink in the passageway will be supplied 
to the ink jet with the minimum of force required to 
supply the ink jet. 
What is claimed is: 
l. A method for causing a ?uid to rise from a first 

point to a second point above said ?rst point compris 
ing the steps: - 
guiding said ?uid ‘through an input port located at the 

?rst point into a passageway for ?uid following a 
generally parabolic course, the axis of the parabola 
being vertically orientated and the vertex of the pa 
rabola being directed downward; 

rotating said parabolic passageway about said verti 
cal axis at an angular velocity at which the free sur 
face of fluid within said passageway forms a parab 
oloidal shape having a slope which is greater than 
the slope of said parabolic passageway such that 
said ?uid within said passageway rises from said 
?rst point to said second point and the head pres 
sure of said ?uid with said passageway is substan 
tially minimized; and 

metering the ?ow of said ?uid from said parabolic 
passageway through an output port located at said 
second point; . 

whereby ?uid is supplied to said second point at a 
pressure no greater than a predetermined pressure. 

2. In combination: I 

a passageway for ?uid following an upwardly sloped 
' course, said passageway having a substantially uni 
fonn cross-section; 

a ?uid metering element of the type incapable of sus 
taining a predetermined input pressure mounted on 
said passageway for ejecting ?uid from said pas 
sageway; 

an input port for ?uid to enter said passageway lo 
cated at a point on said passageway below said me 
tering element; and 

means for rotating said passageway about a vertical 
axis at an angular velocity at which the slope of the 
free surface of ?uid, within said passageway is gen 
erally the same as the slope of said upwardly sloped 
course such that said ?uid within said passageway 
rises from said input port to said metering element 
and the head pressure. of said ?uid within said pas 
sageway is substantially minimized whereby ?uid is 
supplied to said metering element at a pressure no 
greater than said predetermined input pressure. 

3. The combination recited in claim 2 wherein said 
passageway follows a generally parabolic course, the 
axis of the parabola being vertically orientated and the 
vertex of the parabola being directed downward; and 
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wherein said parabolic passageway is rotated about its 
axis. _ ' 

'4. A rotatable reservoir, comprising: 
a container for fluid having the form of a paraboloid 
' of revolution, the'axis of said paraboloidal con 
tainer being vertically orientated, and the vertex of 
said paraboloidal container being directed down 
ward; 

a passageway for said ?uid adjacent to the wall of 
said paraboloidal container, said passageway hav 

> ing a generally uniform cross-section, and having 
an entrance port by which ?uid from said container 
enters said passageway; . 

an ink jet directed radially outward and communicat 
ing with said passageway to eject ?uid radially out 
wardly; - , 

means‘for rotating said paraboloidal container about 
its axis at an angular velocity such that said ?uid 
rises upwardly in said passageway to provide ?uid 
to said ink jet; and ' 

means for metering ?uid passing through said ink jet. 1 

5. The reservoir recited in claim 4 wherein said pas 
sageway is formed between said ?rst mentioned con 
tainer and ,a second container, having the form of a pa 
raboloid of revolution, coaxially inserted within said 
?rst-mentioned paraboloidal container and similarly 
orientated; said second paraboloidal container having 
an ori?ce at its vertex through which ?uid container 
therein enters said passageway. 

6. The reservoir recited in claim 5 wherein the slope 
of said second paraboloidal container is greater than 
the slope of the paraboloidal surface of the ?uid 
formed by the rotation of said-container, whereby said 
?uid ?ows downwardly to said ori?ce. 

7. The reservoir recited in claim 4 wherein said pas 
sageway comprises a tube having an entrance receptive 
of the ?uid within said paraboloidal container located 
at the vertex thereof, and running along the wall of said 
paraboloid character to said ink jet. 

8. An ink jet printing apparatus, comprising; 
a ?rst container in the form of a ?rst paraboloid of 

revolution, having its axis vertically orientated, and 
having its vertex directed downward; 
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10 
a jet located at the periphery of said ?rst container 
and directed radially outward therefrom; ' 

means for controlling the ?ow of ink through said jet; 

means for guiding a printing medium past said jet; 
a second container for storing ink in the form of a 
second paraboloid of revolution coaxially inserted 
in said ?rst container with its vertex directed down 
ward so that a passageway is formed between said 
?rst and second containers; said ?rst and second 
containers having thereby a common axis of rcvo 
lution; 

said second container having an aperture at its vertex 
‘through which ink stored therein ?ows into said 
passageway; said passageway providing a ?ow path 
between the second containerand said jet; 

means for rotating said containers about said axis 
with an angular velocity such that the paraboloidal 
shape of the surface of the ink stored in said second 
container widens less rapidly as a function of height 
than does said first paraboloid of revolution, but 
more rapidly as a function of height than does said 
second paraboloid of revolution. 

9. An ink jet printing apparatus, comprising; 
a container in the form of a paraboloid of revolution, 
having its axis vertically orientated, and having its 
vertex directed downward; said container being a 
reservoir for storing ink; 

a jet located at the periphery of said container and 
directed radially outward therefrom; 

means for controlling said jet; , 
means for guiding a printing medium past said jet; 
a tube having an entrance receptive of the ink stored 
within said container located at the vertex of said 
container and running along the wallof said con 
tainer to said jet through which ink may ?ow from 
said container to said jet; and 

means for rotating said container about its axis at an 
angular velocity such that the paraboloidal shape 
of the surface of the ink stored in said container 
widens less rapidly as a function of height than does 
the paraboloidal shape of said container. 
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