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The present invention relates to electrostatic printing, 
and, more particularly, although not necessarily exclu 
sively, to a novel means for applying electroscopic de 
veloper material, onto a surface bearing an electrostatic 
image. 

In accordance with the present invention, a developer 
mix comprising a developer powder and a ferro-magnetic 
carrier material is applied to a surface bearing a charge 
image in the presence of a moving magnetic ?eld. The 
magnetic ?eld is preferably continuously applied and a 
member, such as a paper sheet bearing a charge-image, 
is passed through the magnetic ?eld. A quantity of 
developer mix comprising developer powder and a ferro 
magnetic carrier material is introduced in the ?eld so 
that streamers are formed and movement is imparted to 
these streamers by moving the ?eld in a novel manner 
whereby the streamers brush the surface bearing the 
charge-image and thus deposit the developer powder 
upon the charge—image. In the illustrative apparatus to 
be described herein, the ?eld is established between a 
?xed pole and a magnetic pole having a plurality of flux 
concentrating projections and means for causing the 
?ux to vary as between the several projections. 
An object of the present invention is to provide an 

improved and novel means for depositing electroscopic 
developer powder onto a charge-image bearing surface. 

Another object of the present invention is to provide 
depositing means as set forth wherein the electroscopic 
developer powder is applied to the surface by a mag 
netically formed and maintained brush-like mass. 
A further object of the present invention is to provide 

a depositing means as set forth wherein novel means are 
provided for agitating the brush-like mass during the 
depositing operation. ~ 

Yet another object of the present invention is to pro 
vide, in depositing means as set forth, magnetic means 
for agitating the brush-like mass. 

Other objects and advantages of the present invention 
will, of course, become apparent and immediately sug 
gest themselves to those skilled in the art to which the 
invention is directed from a reading of the following de 
scription in connection with the accompanying drawing 
in which, 

Fig. 1 is a schematic representation of a magnetically 
formed brush for applying electroscopic powder to a 
charged surface, 

Fig. 2 is similar to Fig. 1 but shows a magnetic return 
path for the flux, 

Fig. 3 is a schematic representation of apparatus con 
structed in accordance with the present invention for 
agitating the magnetically formed brush, 

Fig. 4 is similar to Fig. 3 but includes the return path 
for the magnetic flux, 

Fig. 5 illustrates another form of apparatus embody 
ing the present invention and includes mechanical means 
for agitating the brush, 
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Fig. 6 is similar to Fig. 5 but includes a poly'ph-ase elec 

trical means for agitating the brush, and, 
Fig. 7 is a fragmentary view partly in cross-section 

taken along the line 7~—7 of Fig. 6 and looking in the 
direction of the appended arrows. _ 
The apparatus to be described, embodying the inven 

tion in illustrative form, may be operated with a developer 
mix comprising a developer powder and a carrier ma 
terial consisting of “alcoholized iron,” that is, iron par 
ticles free from grease and other impurities soluble in 
alcohol. These iron particles are preferably of relatively 
small size, being in their greatest dimension about .002" 
to .008”. Generally, any of the large number of de 
veloper powders known in the art is suitable for mixing 
with iron particles to form a developer mix to be em 
ployed in operating the present invention. A developer 
powder above iron in the tribo electric series is generally 
suitable for developing a direct image upon‘ a negatively 
charged surface or a reversed image upon a positively 
charged surface, and conversely a developer powder be 
low iron in the tribo electric series is suitable for de 
veloping a reversed image upon a like negatively charged 
surface or a direct image upon a positively charged 
surface. Example of the developer powders of the ?rst 
named class are powdered shellac and rosin, each pig 
mented with a suitable coloring material such as carbon 
black. An example of the second class is Vinsol resin 
(an extract from long leaf yellow pine stumps com 
posed principally of an oxidized form of abietic acid and 
manufactured by Hercules Powder Company, 908 Market 
Street, Wilmington, Delaware) colored with a suitable 
dye such as azo oil black. 
Developer mixes of the type described above for the 

sake of completeness of illustration and methods for 
employing such mixes are described and claimed in co 
pending application of Harold G. Greig, Ser. No. 344, 
123, ?led March 23, 1953, and entitled “Electrostatic 
Printing.” An example of a suitable record receiving 
member of the kind referred to in the following descrip 
tion in a form of a sheet or web is fully disclosed and 
claimed in a copending application of Harold G. Greig, 
Ser. No. 248,937, ?led September 9, 1951, now aban 
doned, and entitled “Electrostatic Printing.” 

Referring more in detail to the drawing, the apparatus 
shown in Fig. 1 is described and claimed in the afore 
said Greig application Ser. No. 344,123 in which a mag 
netic pole member 2 is applied to a developer mix-in 
cluding the carrier particles of term-magnetic material 
and suitable developer powder to form- a brush 4. A 
charge image bearing record receiving member 6 is 
caused to move in contact with the brush 4. As the 
record receiving member 6 passes in contact with brush 
4, the electroscopic developer powder carried by the 
brush 4 is attracted to and deposited on the record 
receiving member 6 in accordance with the charge pat 
tern thereon. In Fig. 2, the brush 4 is con?ned to a 
more restricted area than in the means shown in Fig. l 
by virtue of the fact that a magnetic return path is pro 
vided for the ?ux. The magnetic return path includes 
a backing pole piece 8 and a permanent magnet 10 
coupled to the pole member 2. In the apparatus illus 
trated in both of these ?gures, the brush member 4 is 
stationary and the receiving member 6 is moved past 
the brush in the direction indicated by the adjacent 
arrows. 

Although electrosco ic powder carried by these brushes 
4 will be deposited upon the receiving member 6 as the 
receiving member is drawn past the stationary brushes, 
it has been found that a better transfer of the particles 
may be accomplished it means are provided to agitate 
the brush during the time that the receiving member is 
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being drawn past. Thus, in Fig. 3, there is shown such 
means. A primary, unidirectional, ?eld producing means 
is represented by pole member 12. This produces a brush 
4 similar to that shown in Figs. 1 and 2. A secondary 
?eld producing means is represented by the magnetic 
structure 14 in which a soft iron pole piece member 16 
is substantially U-shaped in cross-section and is provided 
with one or more exciting coils 18 which are energized 
by an alternating current. When thus energized, the 
upper tips of the U-shaped pole piece member are alter 
nately energized to opposite magnetic polarity. Since 
the pole member 12 supporting the brush is unidirection 
ally polarized, the ?eld between that member and the 
secondary magnetic means 14 will shift back and forth 
between the two upper extremities of the U-shaped mem 
ber 16 as its polarity reverses. The shifting of the ?eld 
back and forth causes a corresponding agitation of the 
brush 4. Such agitation is accompanied by a more e?ec 
tive transfer of the electroscopic powder from the brush 
4 to the receiving member 6. 

In Fig. 4, a similar arrangement is shown in which a 
pole member 22 is used to support and maintain a brush 
of magnetic particles intermixed with electroscopic pow 
der and a secondary magnetic means 24, similar to that 
described in the discussion of Fig. 3, is provided to agi 
tate the brush as aforesaid. In Fig. 4, however, there 
is additionally shown a magnetic return path for the pri 
mary ?eld. The return path includes a ?rst and second 
soft iron bridge member 26 and 28 and a unidirectional 
magnetizing means such as a permanent polarizing mag 
net 30. The operation of the device shown in Fig. 4 is 
substantially similar to that shown in Fig. 3 with the 
distinction that the brush will be more clearly de?ned. 

In Fig. 5, there is shown a structure wherein mechani 
cal means are provided for agitating the brush. A uni 
directional magnetic means 32 is provided to establish a 
brush supporting magnetic ?eld. An upper pole mem 
ber 34 supports a brush 36 in a position to be contacted 
by the receiving member 6. This upper pole member 34 
is magnetically associated with one of the polar extrem 
ities of the unidirectional or permanent magnet 32. A 
lower pole member 33, which is complementary of the 
magnetic path, constitutes a movable member having 
magnetic ?eld concentrating projections thereon. For 
example, as shown in Fig. 5, this lower pole member 38 
may comprise a rotatable rod 40 having portions 42 of 
greater diameter than the main portion of the rod 
wrapped helically about the rod. Means such as an elec 
tric motor 44 are provided for rotating or otherwise mov 
ing the lower pole member 38. As the lower pole mem 
ber 38 is rotated, the magnetic flux between the upper 
and lower pole member will tend to be concentrated on 
the higher projections 42 rather than in the valleys be 
tween the projections. Rotation of this lower pole mem 
ber causes an apparent motion of the projections from 
one end of the pole member toward the other. This 
produces a wave-like agitation of the brush 36 depending 
from the upper or ?xed pole member 34. Again, means 
are provided, such as a set of rollers 46, for moving the 
image receiving member 6 relative to the brush 36. 

In Figs. 6 and 7, there is shown another form of appa 
ratus embodying the invention which is similar to that 
shown in Fig. 5, with the exception that electrical rather 
than mechanical means are provided for causing the Wave 
like agitation of the brush. Here, again, a unidirectional 
magnetizing means such as a permanent magnet 48 is 
employed to establish a primary magnetic ?eld. An upper 
pole piece member 50 is magnetically associated with one 
of the polar extremities of the magnet 48 and maintains 
and supports a brush 52 in a position to be engaged by 
an image receiving member 6. A lower pole piece mem 
ber 54 is complementary of the magnetic path of the flux 
established by the permanent magnet. A secondary mag 
netic means 56 associated with the lower pole member 54 
Comprises an elongated soft iron member 58 which has 
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4 
a plurality of regularly spaced projections 60 extending 
toward the upper pole member 50. Associated with these 
projections 64} in energizing relation thereto is a series of 
energizing windings or coils 62. These coils 62 may be 
energized from a polyphase alternating current source 64. 
It may be seen that two sets of windings are provided, 
one for each of the two phases of input current. Each 
of the coils embraces two of the poles or projections 60 
of the structure 58 and the windings associated with one 
phase overlaps the windings associated with the second 
phase. Such an arrangement provides a series of alter 
nately polarized projections which shift their polarity 
with reversal in the polarity of the energizing current. 
Such shifts in polarity occur sequentially from one end 
of the secondary magnetic structure 56 toward the other 
end. This, again, creates a wave-like agitation of the 
brush depending from the upper pole member 50. 

In Figs. 3 and 4, it will be noted that the agitation of 
the brush 4 occurs in the same direction as the motion 
of the image receiving member 6. In the apparatus 
shown in Figs. 5 and 6, however, the agitation of the 
brush is in a direction transverse to that of the direction 
of motion of the image receiving member. 

Thus, it may be seen that there has been provided an 
improved means for applying electroscopic powder to 
an image receiving member and includes simple, effective 
and e?icient means for agitating a magnetically supported 
brush to achieve a more thorough and even distribution 
of the electroscopic powder carried by the brush. 
What is claimed is: 
1. Means for applying electroscopic powder to an elec 

trostatically charged member through the use of a de 
veloper mix including carrier particles of magnetic ma 
terial intermixed with the electroscopic powder, said 
means comprising, in combination, magnetic ?eld produc 
ing means associated with the mix for forming said mix 
into a brush, means for moving an electrostatically 
charged member relative to said brush, and means for 
magnetically agitating said brush while said brush is in 
contact with an electrostatically charged member moved 
by said means for moving an electrostatically charged 
member. 

2. Apparatus for developing latent electrostatic images 
through the use of a developer mix including carrier 

‘ particles of magnetic material intermixed with electro 
scopic developer powder, said apparatus comprising mag 
netic ?eld producing means for forming a brush of said 
magnetic particles, means for relatively moving, to bring 
into cooperative relationship, said brush and a record 
receiving member bearing a latent electrostatic image, 
and means associated with said ?eld producing means for 
agitating said brush. 

3. In electrostatic printing apparatus, means for de 
veloping latent electrostatic images on an image bearing 
member through the use of a developer mix including 
carrier particles of magnetic material intermixed with 
electroscopic developer powder, said means comprising, 
in combination, magnetic ?eld producing means for form 
ing a brush of said mix, means for moving said image 
bearing member in contact with said brush, and means 
for agitating said brush while said brush is in contact with 
said member. 

4. In electrostatic printing apparatus, means for de 
veloping latent electrostatic images on an image bearing 
member through the use of a developer mix including 
carrier particles of magnetic material intermixed with 
electroscopic developer powder, said means comprising 
magnetic ?eld producing means for forming a brush of 
said mix, means for moving said image bearing member 
in contact with said brush, and mechanically actuated 
means for agitating said brush while said brush is in con 
tact with said member. 

5. In electrostatic printing apparatus, means for de 
veloping latent electrostatic images on an image bearing 
member through the use of a developer mix including 
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carrier particles of magnetic material intermixed with 
electroscopic developer powder, said means comprising, 
in combination, magnetic ?eld producing means for form 
ing a brush of said mix, means for moving said image 
bearing member in contact with said brush, said mag 
netic ?eld producing means including a ?xed pole mem 
ber and a rotatable pole member having a helical ?ux 
concentrating projection thereon, and means for rotating 
said rotatable pole member to vary the distribution of 
the ?ux concentration whereby to agitate said brush while 
said brush is in contact with said image bearing member. 

6. In electrostatic printing appartus means for develop 
ing latent electrostatic images on an image bearing mem 
ber through the use of a developer mix including carrier 
particles of magnetic material intermixed with electro 
scopic developer powder, said. means comprising, in com~ 
bination, magnetic ?eld producing means for forming a 
brush of said mix, said ?eld producing means including 
a ?xed pole member and a movable pole member having 
?ux concentrating projections thereon, means for moving 
said image bearing member in contact with said brush, 
and means for moving said movable pole member to vary 
the distribution of the ?ux whereby to agitate said brush 
while said image bearing member is in contact with said 
brush. 

7. In electrostatic printing apparatus, means for de 
veloping latent electrostatic images on an image hear 
ing member through the use of a developer mix includ 
ing carrier particles of magnetic material intermixed with 
electroscopic developer powder, said means comprising, 
in combination, primary magnetic ?eld producing means 
for forming a brush of ‘said mix, means for moving said 
image bearing member in contact with said brush, and 
secondary, alternating magnetic ?eld producing means as 
sociated With said brush for agitating said brush while 
in contact with said member. 

8. In electrostatic printing apparatus, means for de 
veloping latent electrostatic images on an image bearing 
member through the use of a developer mix including 
carrier particles of magnetic material intermixed with 
electroscopic developer powder, said means comprising, 
in combination, primary magnetic ?eld producing means 
for forming a brush of said mix, means for moving said 
image bearing member in contact with said brush, and a 
secondary magnetic ?eld producing means including a 
multiple pole core structure and alternating current ener 
gizing means therefor, said ‘secondary ?eld producing 
means being cooperatively associated with said primary 
?eld producing means to vary the ?ux established by said 
primary ?eld producing means whereby to agitate said 
brush while said brush is in contact with said image hear 
ing member. 
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9. In electrostatic printing apparatus, means for de 

veloping latent electrostatic images on an image bearing 
member through the use of a developer mix including 
carrier particles of magnetic material intermixed with 
electroscopic developer powder, said means comprising, 
in combination, primary magnetic ?eld producing means 
for forming a brush of said mix, means for moving said 
image bearing member in contact with said brush, and 
secondary magnetic ?eld producing means including a 
multiple pole core structure, a ?rst set of energizing coils 
associated with said core structure, a second set of ener 
gizing coils associated with said core structure and a 
polyphase source of energizing current, each of said two 
sets of coils being connected to be energized by separate 
phases of said polyphase source, said secondary ?eld pro 
ducing means being cooperatively associated with said 
primary ?eld producing means to vary the ?ux established 
by said primary ?eld producing means whereby to agitate 
said brush while said brush is in contact with said image 
bearing member. 

10. Electrostatic printing apparatus comprising means 
for supporting a member presenting a record receiving 
surface, a magnetic structure comprising a magnetized 
polar member extending laterally of said surface, a ‘sec 
ond magnetized polar member oppositely disposed with 
respect to said ?rst named polar member and on the 
opposite side of said ?rst named member, means to pro 
duce relative motion between said surface and said mag 
netized polar members, means to maintain a quantity of 
developer mix having magnetic properties in contact with 
said ?rst named polar member whereby to provide brush 
like streamers of said mix, said ?rst named polar mem 
ber being located with respect to the record receiving sur- 
face of said ?rst named member so that said streamers 
contact said record receiving surface, and means asso 
ciated with said second named polar member to provide 
oscillatory motion of said streamers. 
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