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3,223,548 
XEROGRAPHIC DEWELOPNG MACHINE 

AND METHOD 
Harold E. Clark, Penfield, George R. Mott, Rochester, 
and Robert W. Gundlach, Victor, N.Y., assignors to 
Xerox Corporation, a corporation of New York 

Original application May 1, 1961, Ser. No. 106,656, now 
Patent No. 3,46,688, dated Sept. 1, 1964. Divided 
and this application Dec. 19, 1963, Ser. No. 331,716 

7 Claims. (C. 117-17.5) 
This application is a division of our copending appli 

cation, Serial No. 106,656 filed May 1, 1961, now U.S. 
Patent 3,146,688. 
This invention relates to Xerography, and more par 

ticularly, to improved xerographic copying machines and 
to improved developing methods therefor. 

In a common form of Xerography, a uniform electro 
static charge is placed on the photoconductive insulat 
ing layer of a Xerographic plate, an electrostatic latent 
image is formed on the plate through exposure to an 
original subject or pattern of light and shadow, the latent 
image is made visible through the selective attraction 
of black powder or other materials, and the developed 
image is then generally transferred to a sheet of paper 
or other support. Various forms of apparatus are known 
for carrying out these process steps in a mechanical or 
automatic fashion. 

Generally commercial apparatus embodying automatic 
flow from one process step to another includes what has 
become known as cascade development and automatic 
commercial equipment typically also includes a cylindrical 
Xerographic plate. Cascade development employs cascade 
developer comprising generally carrier particles adapted 
to roll or cascade across the surface to be developed 
bearing toner particles electrostatically adhering but 
adapted to deposit through release from the carrier particle 
to charge patterns on the surface to be developed. The 
developer is flowed or cascaded across the surface to a 
point along the circumference of the cylindrical plate 
whereat the cascading developer flows away from the 
plate because of inertia and gravitational pull. Inherent 
in all known commercially available apparatus is non 
uniformity in the velocity of the developer as it passes 
across the cylindrical plate. Velocity non-uniformity 
results in non-uniform development from point to point 
during passage across the plate and in addition if the 
velocity of the developing material becomes too high, 
a scrubbing or similar action takes place so that deposited 
developer conforming to the image to be developed is 
actually removed from the plate rather than deposited 
in accordance with the basic objective of any developing 
system. 

This invention is concerned with a novel form of Xero 
graphic apparatus which is simple, compact and capable 
of yielding unusually dense and high quality images. 
This invention is also concerned with a novel developing 
arrangement for improving Xerographic development. 

It is accordingly an object of the present invention 
to provide improved automatic Xerographic equipment. 

It is a further object to provide improved Xerographic 
development apparatus. 

It is still a further object to provide improved Xero 
graphic cascade development methods. 

These and other features and objects of the invention 
will be apparent from the following description and from 
the drawings in which: 

FIG. 1 represents a partly schematic sectional view 
of an embodiment of Xerographic copying apparatus ac 
cording to the invention; and 

FIG. 2 is a graph relating developer velocity to Xero 
graphic plate inclination. 
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Referring to FIG. 1 of the drawings, the apparatus is 

seen to include a pair of axially rotatable cylindrical 
elements 10 and 11 about which is supported axerographic 
plate 12 in the form of an endless flexible belt. The 
upper portion of the belt in this embodiment is inclined 
at an angle of about 19 degrees from the horizontal. 
Plate 12 comprises a web of strong, flexible, and pref 
erably electrically conductive material 8 such as a strip 
of cold rolled aluminum, brass or steel a few thousandths 
of an inch thick or a metallized plastic web such as 
aluminized polyethylene terephthalate. Plate 12 in this 
embodiment is illustrated as coated on its outer Surface 
with a thin layer of a photoconductive insulating ma 
terial 7. Any of the photoconductive insulating mate 
rials known in connection with Xerographic plates which 
are capable of being flexed without destroying their usual 
plate characteristics may be employed, including but not 
limited to, a thin layer of vacuum deposited vitreous 
selenium or a thin layer of zinc oxide in an insulating 
resin binder. Selenium and many other photoconductive 
insulating materials coated on a flexible support may be 
repeatedly bent around a radius of a few inches without 
cracking or flaking from the support and without losing 
xerographic effectiveness. It is also possible to Substitute 
for the endless plate 12, as shown, two or more flexible 
sheet-like xerographic plates which are connected to each 
other in an end-to-end relationship by coil springs or the 
like or coated and uncoated areas intermittently along 
the surface of the conductive material 8. As will be ap 
parent from a further description of the operation of 
the machine, such other plates will function in the same 
manner as a truly continuous plate and such structures 
are intended to be encompassed by the term "endless flexi 
ble belt" as used in the specification and claims. 
A motor 13, operated by timer 9, is provided to rotate 

cylindrical element 10 and thereby to move xerographic 
plate 2 in the direction shown a sufficient distance so 
that a region of the plate lying between cylindrical ele 
ments 10 and 11 along the lower section of the endless 
loop is transferred to a position between elements 10 and 
11 along the upper portion of the loop and vice versa. 
Positioned adjacent and beneath plate 12 and between 
cylindrical elements 10 and ii is a full frame corona 
charging device 14 which is connected to a high voltage 
power supply 15. This device generally comprises a grid 
of fine wires positioned adjacent and parallel to plate 12 
and is more fully described in U.S. Patent 2,932,742. By 
activating high voltage power supply 5, a large area of 
plate 12 corresponding to charging device 4 is brought 
to a uniform high potential of the order of several hun 
dred volts as is well known in the Xerographic art. Ex 
posure apparatus is provided to project into plate 12 and 
through charging device 14 a pattern of light and shadow 
corresponding to an original subject to be reproduced. 
Because the functional area of charging device 14 consists 
only of a set of very fine wires, it is possible to effect ex 
posure through charging device 14 without objectionable 
shadows or the like being recorded. The image projec 
tion apparatus includes a copy box 16 including a glass 
platen 7 on which may be laid the original copy Such 
as, for example, a book 18. Illumination is provided by 
two or more lamps 19 which are set into reflector plates 
20 of polished aluminum or the like. The combination 
of lamps 19 and reflector plates 20 provides a highly uni 
form degree of illumination over the original subject such 
as book 18. Light scattered from book 18 is reflected by 
a first mirror 21 through a lens 22 which then focuses an 
image of book 18 onto xerographic plates 12 through re 
flection at the surface of a second mirror 23. In accord 
ance with known xerographic principles, the projection of 
a pattern of light and shadow on the charged surface of 
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Xerographic plate 12 causes selective charge dissipation re 
Sulting in the formation of an electrostatic latent image. 

In normal operation the high voltage power supply 15 
is first energized for a short time to uniformly charge 
plate 12 and lamps 9 are then energized for a short time 
to form an electrostatic latent image on plate 2. Fol 
lowing exposure, motor i3 is then briefly energized to 
move plate 12 through about 1/3 of a complete rotation 
so that the area bearing the electrostatic latent image is 
inow along the upper portion of the endless loop formed 
by plate 12 rather than along the lower portion. Image 
development is effected while the latent image bearing 
portion of the plate is in the upper position by a develop 
ment apparatus which will be described hereinafter, 
While development is being carried out a second latent 
image may be formed at the lower portion of plate 12. 
When plate 12 is next advanced, the developed image area 
passes a transfer and a cleaning station before returning 
to the charging and exposure position where it is ready 
for further reuse. The transfer station comprises a pair 
of rollers 24 which urge a web 25 of paper or the like 
against plate 12 and a corona charging device 26 posi 
tioned between rollers 24 and adapted to apply an electro 
static charge to the back of paper 25 thereby transferring 
a developed powder image from plate 2 to paper 25. 
A cleaning station may comprise an axially rotatable fur 
brush positioned in lightly touching contact with plate 12 
and adapted to be driven by a motor or the like, not 
shown. Brush 27 removes any residual developer powder 
from plate 12 and thereby permits the plate to be indef 
initely cycled between the charge-expose position and 
the developing position. 

It is a feature of the apparatus as thus far described 
that it utilizes the so-called full frame method of image 
exposure rather than an exposure system adapted to con 
tinuous motion of the plate. Since each of the original 
Subject, the optical System and the xerographic plate are 
stationary during exposure, there is no possibility of image 
resolution being degraded by vibration or lack of syn 
chronism as may occur in a moving system. Additionally, 
the full frame method of image exposure permits the em 
ployment of much simpler apparatus than does a moving 
System. At the same time, however, it is possible, in 
accordance with the present invention, to retain the sim 
plicity and rapidity of image development associated with 
rotary Xerographic machines which employ moving ex 
posure. Further, development according to the present 
invention is more efficient and yields denser images than 
previous methods employed either with flat or cylindrical 
Xerographic plates. 
The development system includes a supply hopper 28 

which is positioned above xerographic plate 12 and which 
contains a Supply of Xerographic developer 29 which may 
comprise any of the well known types of cascade developer 
material. As is well known, developer 29 generally com 
prises a mixture of very finely divided pigmented par 
ticles known as toner, generally having a diameter in the 
range of a few microns, mixed with much larger particles 
known as carrier. Toner and carrier have triboelectric 
properties Such that they electrify each other and such that 
the toner particles are adherent upon the carrier particles 
or beads. Xerographic developer materials of this type 
enjoy wide commercial use. Supply hopper 28 includes a 
gate 30 which controls the flow of developer into a chute 
31 which terminates in a curved section 32. The effect 
of chute 3i and curved section 32 is to direct developer 
29 approximately tangentially against Xerographic plate 
12 in a downward direction and at a velocity determined 
principally by the height of chute 31 and to a lesser 
extent by the inclination of chute 31 and the radius of 
curved Section 32. Chute 31 may either be inclined some 
What in the direction shown or vertical, or inclined in a 
direction opposite from that shown. The illustrated con 
figuration, however, is believed to yield the most compact 
machine arrangement. The developer discharged by 
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4. 
curved section 32 flows downwardly over the surface of 
plate 12 and is caught in collection hopper 33 after flow 
ing over the end of plate 52. 
The developing apparatus as heretofore described may 

be used for manual operation but is adapted to automatic 
operation through utilization of conveyor 34 driven by 
a motor not shown, to return developer from hopper 33 
to hopper 28 together with solenoid 35 or the like to 
operate gate 30 and thereby control the flow of developer 
over plate 12. 
As developer 29 flows over plate 12, the toner, in ac 

cordance with the known principles of xerography, is 
Selectively detached from the carrier particles and at 
tached to the xerographic plate by the electrostatic latent 
image thereon, thus forming a visible developed image 
on the plate. Additionally, the developer flowing over 
plate 12 is accelerated or retarded toward the terminal 
Velocity corresponding to the particular inclination of 
the plate. The terminal velocity is that velocity which 
would ultimately be reached by the developer if the Xero 
graphic plate were of indefinite length. It is, of course, 
also that velocity at which the developer in flowing over 
the plate will neither speed up nor slow down. The ter 
minal velocity is influenced by a great many factors in 
addition to the angle of the plate and including such things 
as atmospheric conditions, the nature of the surface be 
ing developed, the nature of the developer material, the 
Strength of the electrostatic charge pattern on the plate, 
and the like. In practical situations, however, it has 
been found that these factors play a relatively minor 
role as compared with the plate angle. 

It should be appreciated that although only a single 
embodiment of an automatic apparatus incorporating and 
showing the principles of constant velocity development 
in accordance with the principles of this invention is in 
cluded herein, there is no intention to be limited to the 
particular showing but instead FIG. 1 is for illustrative 
purposes only and it is intended to encompass broadly 
methods and apparatus including the principles of con 
Stant Velocity development as illustrated and as will be 
Teadily apparent to those skilled in this art. 

In accordance with this invention it has been found that 
for optimum development, developer should flow at a 
constant Velocity across the surface being developed. This 
type of flow produces a dense image which is uniform 
throughout. Further, as will appear more fully in the 
discussion which follows, the preferred velocity appears 
to be that minimum rate of speed at which blocking (as 
Will be discussed) does not occur. To more fully ap 
preciate how speed relates to angle of inclination of the 
Surface being developed, FIG. 2 is discussed below. 

FIG. 2 is a graph showing the relationship between 
terminal velocity and angle for an electrostatic image 
bearing Selenium Xerographic plate and a conventional 
Xerographic cascade developer comprising 1.1% Type 
10 Toner and 98.9% standard black carrier, available 
from Haloid Xerox Inc., Rochester, New York. Ter 
minal or other developer velocities may be readily meas 
ured by adding a few light-colored particles to the de 
Veloper and then making a time exposure photograph of 
the flowing developer when illuminated by a flashing 
Stroboscopic light. Each light-colored particle will photo 
graph as a Series of distinguishable dots and the Spacing 
of these dots is a measure of developer flow velocity. 

methods of velocity measurement may also be 
Sel 

As shown in FIG. 2 the angle of repose for an un 
charged Selenium Xerographic plate with the above indi 
cated developer materials is approximately 16.5°. In 
other Words, if a layer of developer is placed on top of 
a horizontal uncharged (non-image bearing) plate which 
is then slowly tipped, the developer will not start to flow 
until the plate reaches an inclination of about 16.5°. At 
angles Somewhat less than the angle of repose, developer 
Will flow over the xerographic plate if it is applied to the 
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plate with an initial velocity. However, at these angles, de 
veloper flow tends to be unstable and terminal velocity is 
not an accurately reproducible function of inclination. It 
can also be seen from the curve in FIG. 2 that for a xero 
graphic plate bearing an electrostatic latent image the 
terminal velocity versus plate inclination curve starts at 
about 18, which is a somewhat greater angle than the 
angle of repose for an uncharged plate. Developer will 
flow at angles between 16.5 and 18 but the flow is lo 
cally unstable and carrier particles will stick to the Xero 
graphic plate in certain image areas. As the plate angle 
is increased past 18 it can be seen that the terminal 
velocity increases very rapidly, indicating that the de 
veloper will rapidly accelerate at high plate angles unless 
it meets or is fed to the plate at a correspondingly high 
velocity. The terminal velocity versus plate inclination 
curve for an uncharged plate is substantially the same as 
that shown for an image bearing plate, except at angles 
close to the angle of repose where stable flow without 
particles sticking may be exhibited by the uncharged but 
not the charged plate. 
Table I is illustrative of the variations in angle of re 

pose which are associated with various developer compo 
sitions and plate surfaces. The plate surfaces are plain 
aluminum, plain aluminum with a 20 micron selenium 
coating, grained aluminum as used in lithography, and 
grained aluminum with a 20 micron selenium coating. 
Obviously, the uncoated aluminum materials are not xero 
graphic plates at all, and only the selenium coated plain 
aluminum corresponds to a normal xerographic plate. 
The developer compositions are represented by six dif 
ferent types of carrier materials, each taken both without 
any toner and with 2% standard toner. Obviously again, 
the data on untoned carriers are purely for comparative 
purposes, since these materials are not per se Xerographic 
developers. All listed materials are products of Haloid 
Xerox Inc., Rochester, New York. The first four car 
Tiers comprise glass beads with various surface coatings, 
whereas the last two comprise graded sand with different 
coatings. It can be seen that the angle of repose with a 
normal selenium xerographic plate, standard carrier, and 
2% toner concentration is 14.5 rather than 16.5 as 
found in connection with FIG. 2 for a more conventional 
1.1% toner concentration. Thus it can be seen from 
Table I that the angle of repose depends on the Xero 
graphic materials employed, but only to a relatively slight 
degree. 

TABLE 

Angles of Repose for Several Carriers on Various Surfaces 

Angle of Repose (Degrees) 

Carrier Untioned Beads 2%. Toner on Beads 

Al Al- Gr. Gr. Al Al- Gr. Gr. 
Al Al- Al Al 

Standard---------- 20 22 22 20 16.5 14.5 14.3 14.8 
FK-2------------- 27.5 28 26.5 26.5 20 18.5 19 18 
GC-2 on #7 glass 
beads----------- 19 20 8 17.5 13.5 2.5 2.8 2.3 

v C-2 on #5 glass 
beads----------- 6 17.5 16.5 14.5 1.5 14 1. 
FC-2 on 20-40 
Inesh sand------ 24 23.5 23.5 24 18.5 18.5 19 17.5 

C-2 on 20-30 
Inesh sand------ 24 26 24 24.5 1821.5 9.8 20.5 

Legend: = With 20 micron selenium coating; Al=Aluminum sheet; 
Gr. Al= Grained aluminum sheet. 

Developer flow velocity has been found to be a very 
important factor in influencing the quality and ef 
ficiency of cascade development. At high flow ve 
locity it has been found that the developer material 
actually scrubs deposited toner off the plate sur 
face. In prior forms of xerographic apparatus the de 
veloper has been applied to a Xerographic plate in such 
a manner that it rapidly accelerated thereafter. Thus, the 
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6 
development initially effected by the developer material 
while traveling slowly has been largely counteracted by 
the undeveloping or erasing effect of the developer as it 
Speeds up. As the developer flow velocity is decreased, 
however, it is found that development efficiency increases 
and much denser images are obtained. It has also been 
found that there is a minimum developer flow velocity 
which must be maintained. When this speed is not main 
tained, occasionally carrier beads as well as toner par 
ticles are attached to the xerographic plate by the forces 
associated with the electrostatic image thereon. Stick 
ing beads are very undesirable because they cause dele 
tions as well as damage to the xerographic plate during 
image transfer. Sticking beads per se can be avoided by 
Such expedients as forming the beads of magnetic material 
and removing them with a magnet, but this does not over 
come the problem of deletions or small undeveloped areas 
caused by the sticking beads. The minimum acceptable 
developer velocity is influenced by a number of factors 
Such as the carrier particle size and triboelectric properties, 
the strength of the electrostatic latent image on the sur 
face being developed, and the ratio of carrier to toner, 
since this affects the electrostatic charge on the carrier par 
ticles. In general, however, it has been found that the 
Sticking is associated with plate inclinations which are 
less than or close to the angle of repose and with the 
developer velocities associated therewith, whereas bead 
Sticking is generally absent at plate inclinations a few de 
grees greater than the angle of repose and with developer 
Velocities corresponding to the terminal velocities as 
Sociated with such inclinations. In examining FIG. 2 in 
this connection it is apparent that teh optimum angle for 
conventional Xerographic materials is in the general area 
of 19 which corresponds to a terminal velocity for a 
developer of about 28 inches per second. This angle is 
just sufficiently greater than the absolute minimum angle 
of about 18 to provide an adequate margin of safety 
against bead sticking. It has been observed that a rela 
tively high and uniform image density is obtained with 
constant velocity development at plate angles between 
18 and 20, whereas, there is a noticeable fall off in 
image density at a 25 inclination. It will be appreciated 
that prior Xerographic development methods have typical 
ly involved plate angles in the order of 45°. 

in accordance with the present invention, the apparatus 
of FIG. 1 is capable of being adjusted and is adjusted to 
provide a developer flow velocity over the entire area of 
plate 12 Subject to development substantially equal to the 
optimum Velocity. This adjustment is essentially made in 
two steps. The first step is to choose the proper inclina 
tion for the upper surface of plate 12 as determined, for 
example, from FIG. 2. Adjustment mechanism is not 
shown in the figure because ordinarily the plate angle need 
not be changed and is therefore initially designed into 
the apparatus. The second step is to adjust the velocity 
at which the developer is applied to the plate to substan 
tially coincide with the terminal velocity for the particu 
lar plate angles and materials employed. Where the 
initial velocity is equal to the terminal velocity, the de 
veloper will continue to flow across the surface of the 
plate at an unchanging velocity which has also been chosen 
as the optimum velocity and which will provide uniform, 
dense and higher quality images than have heretofore been 
produced. To a first approximation the initial developer 
Velocity is equal to that which would be reached by the 
developer in falling through a vertical distance equal to 
the height of chute 31 and curved section 32. This free 
flow velocity is given by the relation V-8Vh where V is 
the Velocity in feet per second and h is the chute height 
in feet. The actual velocity is somewhat less than this 
theoretical velocity because of frictional effects in chute 
3 and along curved section 32. Again, chute 31 is not 
shown as being adjustable because its configuration is gen 
erally set when the apparatus is designed and need not be 
changed thereafter. When making initial adjustments of 



3,223,548 
7 

chute 31 and curved section 32, it is desirable to make 
stroboscopic photographs of the flowing developer by the 
procedure described above. If the photograph shows the 
developer to be accelerated as it passes across the plate, 
the initial velocity is too high and chute 3 should be 
shortened somewhat. Conversely, if the photograph shows 
the developer to be decelerated, the initial velocity should 
be decreased by lengthening chute 31. Obviously other 
measuring techniques may be used. 
While the invention has been described in connection 

with specific embodiments for illustrative purposes, it will 
be understood that various modifications may be made 
without departing from the spirit of the invention or the 
Scope of the appended claims. In particular, it is noted 
that the improved method of xerographic development dis 
closed herein may be practiced with other forms of xero 
graphic apparatus illustratively including but not limited 
to, apparatus of the type illustrated embodying moving 
exposure systems, incorporating rigid, flat Xerographic 
plates, and the like in either other automatic equipment 
or in manual equipment. 
What is claimed is: 
1. A method of developing an electrostatic latent in 

age on a flat portion of a Xerographic plate comprising 
positioning the flat portion with the electrostatic latent 
image facing upwards and at a given angle slightly greater 
than the angle of repose of a granular electrostatic image 
developer on said plate when said plate is in an uncharged 
condition, and directing said granular electrostatic image 
developer downwardly against said electrostatic image sub 
stantially tangentially thereto at a velocity Substantially 
equal to the terminal velocity that would be obtained by 
said granular developer flowing over a xerographic plate 
of indefinite length inclined at said given angle. 

2. A method of developing an electrostatic latent innage 
on a flat portion of a Xerographic plate comprising posi 
tioning the flat portion at a given angle of about 19 de 
grees from the horizontal and with the electrostatic latent 
image facing upwards, and directing a granular electrosta 
tic image developer downwardly against said electrostatic 
image substantially tangentially thereto at a velocity Sub 
stantially equal to the terminal velocity that would be 
obtained by said granular developer flowing over a xero 
graphic plate of indefinite length inclined at said given 
angle. 

3. A method of developing an electrostatic latent im 
age on a flat portion of a xerographic plate comprising 
positioning the flat portion at a given angle of about 19 
degrees from the horizontal and with the electrostatic 
latent innage facing upwards, and directing a granular 
electrostatic image developer downwardly against said 
electrostatic image substantially tangentially thereto at a 
velocity of about 18 inches per second. 

4. A xerographic development apparatus comprising 
Support means to support a plane electrostatic image bear 
ing surface to be developed at an angle of about 19 de 
grees from the horizontal with said electrostatic image 
facing upwards, a hopper positioned above said surface 
by Said Support means and adapted to contain a granular 
electrostatic image developer, a downwardly depending 
chute communicating with said hopper and a curved 
transition section at the bottom of said chute, said transi 
tion Section being positioned and adapted to discharge 
Said developer material downwardly across the electrosta 
tic image to be developed on said image bearing surface 
and Substantially tangentially thereto. 

0 

15 

20 

30 

40 

45 

50 

55 

60 

65 

3 
5. A xerographic development apparatus comprising 

support means to support a plane electrostatic image bear 
ing surface to be developed at an angle of about 19 de 
grees from the horizontal with said electrostatic image 
facing upwards, a hopper positioned above said surface 
by said support neans and adapted to contain a granular 
electrostatic image developer, a downwardly depending 
chute communicating with said hopper and a curved 
transition section at the bottom of said chute, said chute 
and transition section being positioned and adapted to dis 
charge said developer material substantially tangentially 
downwardly across the electrostatic image to be developed 
on said image bearing surface and at a velocity substantial 
ly equal to the terminal velocity that would be obtained 
by said granular developer flowing over an electrostatic 
image bearing surface of indefinite length inclined at said 
angle. 

6. A xerographic development apparatus comprising 
Support means to Support a plane electrostatic image bear 
ing surface to be developed with said electrostatic image 
facing upwards at an angle such that the equilibrium 
velocity of a granular electroStatic image developer mate 
rial flowing over said surface is substantially the mini 
mum speed necessary to prevent the developer from ad 
hering to said innage bearing surface, a hopper positioned 
above Said surface by said support means and adapted 
to contain a granular electrostatic image developer, a 
downwardly depending chute connmunicating with said 
hopper and a curved transition section at the bottom of 
said chute, said transition section being positioned and 
adapted to discharge said developer material downward 
ly across the electrostatic image to be developed on said 
image bearing Surface and Substantially tangentially there 
tO. 

7. A Xerographic development apparatus comprising 
Support means to Support a plane electrostatic image bear 
ing Surface to be developed with said electrostatic image 
facing upwards at an angle such that the equilibrium 
velocity of a granular electrostatic image developer mate 
rial flowing over said surface is substantially the mini 
num. Speed necessary to prevent the developer from ad 
hering to said image bearing Surface, a hopper positioned 
above said Surface by said support means and adapted 
to contain a granular electrostatic image developer, a 
downwardly depending chute communicating with said 
hopper and a curved transition section at the bottom of 
Said chute, said chute and transition section being posi 
tioned and adapted to discharge said developer material 
downwardly across the electrostatic image to be developed 
On Said image bearing surface and substantially tangential 
ly thereto at a velocity Substantially equal to the terminal 
velocity that would be obtained by said granular developer 
flowing over an electrostatic image bearing surface of in 
definite length inclined at said given angle. 
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