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3,925,700 
1. 

SHADOW MASK FOR A BLACK-STRIPE COLOR 
PICTURE TUBE HAVING SUCCESSIVELY 

CURVED PERFORATIONS 
BACKGROUND OF THE INVENTION 

This invention relates to a shadow mask for a color 
picture tube having color luminescent materials depos 
ited in stripes on an inside surface of a glass face or 
viewing plate of the picture tube. Preferably, a color 
picture tube of the type described has black stripes be 
tween the respective color luminescent stripes. A 
shadow mask according to this invention is therefore 
described herein with regard to a color picture tube of 
the so-called black-stripe type although the shadow 
mask is not restricted to that for use in a picture tube of 
the last-mentioned type. 

In the manner known in the art, each color picture 
tube includes a shadow mask at present. The shadow 
mask does not only serve to reproduce a colored pic 
ture but also is resorted to on depositing the color lumi 
nescent materials on the face plate inside surface. A 
conventional shadow mask for a color picture tube of 
the type described is of a general shape of a rectangle 
and has a plurality of perforations which are elongate in 
the direction of the minor or shorter sides of the rectan 
gle and arranged in a regular array with respect to the 
minor sides and to major or longer sides of the rectan 
gle. With this shadow mask, the color luminescent ma 
terial stripes become distorted at peripheral portions of 
the mask to result in colored pictures of an unpleasing 
appearance. Although it has been proposed to resort to 
partial exposure in the manner later described with ref 
erence to the accompanying drawing, this reduces the 
productivity of color picture tubes. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a shadow mask for a color picture tube of the 
type described, capable of affording agreeable colored 
pictures. 

It is another object of this invention to provide a 
shadow mask of the type described, with which a color 
picture tube can be produced with excellent efficiency. 
A color picture tube of the type described has a gen 

erally rectangular glass face plate of a substantially 
spherical curvature. A shadow mask for the color pic 
ture tube has a shape of a similar rectangle and an ap 
proximately equal spherical curvature so as to be posi 
tioned substantially parallel to an inside surface of the 
face plate and has a plurality of perforations formed 
therethrough. The perforations are elongate in the di 
rection of a predetermined pair of sides of the similar 
rectangle and arranged in a regular array with respect 
to the direction and another direction perpendicular to 
the first-mentioned direction. According to this inven 
tion, the perforations are arranged, when the mask is 
extended to coincide with a plane, parallel to the 
above-mentioned pair of sides in an area adjacent to a 
center line bisecting the remaining pair of the sides 
and, in remaining areas of the mask, along a plurality of 
curves whose curvatures grow larger with an increase 
in the distance from the center line. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a fragmentary perspective view of a glass 
panel of a color picture tube, a shadow mask therefor, 
and a conventional device for projecting light rays onto 
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2 
an inside surface of the panel through perforations of a 
conventional shadow mask; 
FIG. 2 is a perspective view of a conventional shadow 

mask; 
FIG. 3 shows a back view of the panel together with 

several stripes of light rays projected onto the inside or 
back surface of the panel through perforations of a 
conventional shadow mask, 
FIG. 4 shows a back view of the panel and a re 

stricted area for the light rays; 
FIG. 5 illustrates an arrangement of perforations of a 

shadow mask according to the instant invention; 
FIG. 6 is a schematic perspective view of a shadow 

mask for describing the arrangement of perforations 
with reference to an orthogonal coordinate system; 
FIG. 7 shows a projection of the perforations on the 

X-Y plane of the coordinate system; 
FIG. 8 again shows the coordinate system illustrated 

in FIG. 6 for describing an arrangement of the perfora 
tions of a prototype of the shadow masks according to 
this invention; 
FIG. 9 shows the prototype extended on a plane, to 

gether with the X and Y axes of the coordinate system 
projected onto the plane; 
FIG. 10 shows another orthogonal coordinate system 

for describing a simplified arrangement of the perfora 
tions of the prototype; and 
FIG. 11 is an exploded schematic perspective view of 

an arrangement for manufacturing shadow masks ac 
cording to this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIGS. 1 and 2, a color picture tube of 
the black-stripe type has a glass member generally 
called a glass panel in the art. The panel consists of a 
generally rectangular glass face or viewing plate 20 of a 
substantially spherical curvature and a skirt portion ex 
tended from the periphery of the face plate 20 gener 
ally perpendicularly therof. A shadow mask 21 for the 
color picture tube has a surface of a similar rectangle 
and an approximately equal spherical curvature so as to 
be positioned substantially parallel to an inside or back 
surface of the face plate 20 and has a plurality of perfo 
rations 22 formed through the mask surface. The perfo 
rations 22 are elongate in the direction of minor or 
shorter sides of the rectangle and arranged in a regular 
array with respect to the minor sides and to major or 
longer sides of the rectangle. At a first stage of manu 
facture, the shadow mask 21 is flat. The perforations 22 
are formed through the flast mask plate parallel to the 
minor sides. The slotted mask plate is subsequently 
pressed into a shadow mask 21 having a surface of a 
substantially spherical curvature. The stripes of color 
luminescent materials are deposited on the face plate 
inside surface by coating at first the inside surface with 
a photosensitive film (not shown), on which a beam of 
light rays is projected through the perforations 22 from 
a light source 25 placed at a point where electron 
source means (not shown) of the color picture tube is 
subsequently positioned. It is to be noted here that the 
perforations 22 arranged along a line substantially par 
allel to the minor sides are partitioned by a plurality of 
bridges 26. It is therefore necessary that the light 
source 25 be elongate in the direction of the minor 
sides and that the length be longer than the perfora 
tions 22. 
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: Referring also to FIGS. 3 and 4, stripes S of the light 
projected on the face plate inside surface become dis 
torted with an increase in the distance from the center 
point of the face plate 20. As a result, stripes (not 
shown) of the color luminescent materials and black 
stripes (not shown) disposed between the respective 
color luminescent stripes are deposited on the face 
plate inside surface accordingly distorted. This results, 
in turn, in colored pictures of an objectionable appear 
ance. This undesirable tendency becomes more serious 
in wider deflection-angle picture tubes. In order to ob 
viate the distiortion of the stripes S of light and conse 
quently the color luminescent and black stripes, it has 
been proposed to mount the light source 25 on a device 
27 for rocking the light source 25 in the manner later 
described. The device 27 has a slotted plate 28 for 
moving an area 29 exposed to the light rays parallel to 
the minor sides in synchronism with the rocking move 
ment of the light source 25. It is, however, impossible 
with the partial exposure as called herein to utilize the 
whole rays emitted by the light source 25. This reduces 
the productivity of the color picture tubes. 
Referring to FIGS. 5 and 6, a shadow mask 21 ac 

cording to the present invention has perforations 22 
formed, before the mask surface is pressed into a sub 
stantially spherical form, parallel to the minor sides in 
an area adjacent to a center line bisecting the major 
sides of the rectangle and, in remaining areas of the 
mask surface, along a plurality of curves whose curva 
tures grow larger with an increase in the distance from 
the center line. It is now presumed that the shadow 
mask 21 has a spherical surface having its center of cur 
vature at a point 30 and that the elongate light source 
25 is placed at an origin 0 of a right-handed orthogonal 
coordinate system having an X and a Y axis parallel to 
the major and minor sides of the mask 21 and a Z axis 
perpendicular to the X-Y plane. The light beam emit 
ted by the source 25 along a plane 31 that passes 
through the Y axis and makes an angle a with respect 
to the Z axis intersects the mask surface along a small 
circle 32. Specifically stated, the perforations 22 (not 
shown in FIG. 6) of a shadow mask 21 according to this 
invention are arranged along the small circle 32 and 
similar small circles. On the other hand, the perfora 
tions 22 (not shown in FIG. 6) of a conventional 
shadow mask are arranged along great circles exempli 
fied at 33 as an intersection of the mask surface and a 
plane 34 that is parallel to the Y axis and makes an 
angle (3 with respect to the Z axis. If the planes 31 and 
34 have a common point 35 on the mask surface, the 
angles are given by: 

or = arctan(X/Z) 
g = arctan(X/Z + m), (1) 

where X and Z represent the X and Z coordinates of 
the common point 35 and -m represents the Z coordi 
nate of the center of curvature 30. The small and great 
circles 32 and 33 are therefore given by intersections of 
the spherical surface: 
where R represents the radius of the spherical surface, 
and the planes 31 and 34: 

z = (Z/X)x (4) and 
z = (Z + m)/X).x - m, (5) 

respectively. 
Referring further to FIG. 7, an angle by measured 

from a plane 36 parallel to the X-Z plane and passing 
through the common point 35 to that portion of the 
small circle 32 which is adjacent to the common point 
35 is: 
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4 
d = - arctan(X -- Z(Z + m)]/(XY) (6) 

from Equations (3) and (4). A similar angle b for the 
great circle 33 is: 

db = - arctan(JX + (Z + m))/(XY}) (7) 

from Equations (3) and (5). In Equations (6) and (7), 
Y represents the Y coordinate of the common point 35. 
The angles d and b are not equal to each other except 
for perforations 22 placed on the X-Z and Y-Z planes, 
It is now understood that the stripe portions S formed 
on the face plate inside surface by the light beams pro 
jected along the plane 31 and similar planes depicted 
by dashed lines and passing through the perforations 22 
arranged on the great circle 33 become as indicated by 
hatched areas if it is surmised that the face plate inside 
surface is in contact with the mask surface for mere 
simplicity of illustration. 
Referring again to FIGS. 1 and 4 and also to FIG. 7, 

the device 27 rocks the light source 25 so that the plane 
along which the light rays are projected may make an 
angle d to the X-Z plane at a point placed in the mov 
ing area 29 for the partial exposure. In contrast, the 
perforations 22 of a shadow mask 21 according to this 
invention are arranged as described along the small cir 
cles, such as 32. The stripe portions of the light rays 
projected on the face plate inside surface are therefore 
aligned, for example, on the small circle 32 if it is again 
surmised that the faace plate inside surface is in direct 
contact with the mask surface. It is consequently un 
necessary to resort to the device 27 thus far described 
on depositing the color luminescent and black stripes. 
This not only raises the productivity of the color pic 
ture tubes of the type described but also raises the pre 
cision of the stripe arrangement. In addition, this inven 
tion reduces the cost of installation for manufacture of 
the color picture tubes of the type described. 
Referring to FIGS. 8 and 9, a shadow mask is gener 

ally manufactured by the use of a flat prototype of pat 
terns for the perforations to be formed through the 
mask surface. It is therefore an important task to form 
a prototype for shadow masks according to this inven 
tion. In FIG. 8, one of the small circles 32 along which 
the perforations should be aligned according to this in 
vention intersects the X-Z plane at a point 36. Let the 
Z axis intersect the spherical surface of the shadow 
mask at a point 40 and the distance on the spherical 
surface between the point 36 and 40 be denoted by L. 
When the shadow mask is not yet pressed into the 
spherical surface, or when the mask were extended to 
coincide with a plane, a great circle 41 that passes 
through the point 36 becomes a straight line 41' which, 
as illustrated in FIG. 9, is parallel to a Y axis and passes 
through a point 36" spaced L along an X axis from an 
origin coincident with the point 40. The point 36' is a 
point which the point 36 illustrated with reference to 
FIG. 8 assumes on the flat or extended shadow mask 
surface. The X and Y axes of Fig. 9 are orthogonal pro 
jections of the X and Y axes of FIG.8 on the flat proto 
type surface. That portion of the small circle 32 of 
alignment of the perforations according to this inven 
tion which is adjacent to the great circle 41 may ap 
proximately be represented by a curve of intersection 
42 of a plane 43 (not shown in FIGS. 8 and 9) including 
the small circle 32 and a right cylindrical surface 44 
(not shown in FIGS. 8 and 9) which is tangential to the 
spherical surface at the great circle 41, namely, which 
has the great circle 41 as the director curve. The perfo 
rations are now aligned according to this invention 

  



5 
along the curve or an ellipse of approximation 42 in 
stead of the small circle 32. When the shadow mask is 
extended as described, the ellipse of approximation 42 
becomes a curve 42", which may be specified by the 
distances, such as PP', from the straight line 41' and 
the ordinates of the line segments representative of the 
distances. 

Referring to FIG. 10 in addition, another right 
handed orthogonal X'Y'Z' coordinate system is intro 
duced in order to facilitate calculation of the distances 
in question. The X'-Y' plane includes the great circle 
41, the origin being placed at the center of the great 
circle 41. The point 36 is on the X" axis in its positive 
region, the coordinates of the point 36 being given by 
(R, 0, 0). The plane 43 of the small circle 32 and the 
ellipse of approximation 42 is depicted. The cylindrical 
surface 44 and the distance PP' are also illustrated. In 
FIG. 8, let the coordinates of the point 36 be (X, 0, Z) 
although the values of X and Z may differ from those 
for the point 35 illustrated with reference to FIG. 6. If 
again written by a and g, respectively, the angles made 
by the plane 43 and another plane including the great 
circle 41 to the Z axis are given by Equations (1) and 
(2). An angle b between these planes is given, in terms 
of X, by: 

db = - arctan (mx/ R -- m w R2 - X?) 
when the relation X* + Z = R for the point 36 is taken 
into consideration. Alternatively, 

tandb = - m sin(LIR)/R + m cos(LIR) (8) 
because g = LIR. In FIG. 10, the angle measured from 
the X' axis to the plane 43 is - d. Therefore, 

z' = -tan dic --R tan db 
gives the plane 43. Furthermore, 

PP' = - tandb'X' + R-tandb, (9) 
where X" represents the current X" coordinate of the 
point P' placed on the great circle 41. In FIG.9, the ab 
scissa X of the point P is: 

X = L + tandbX - Rtandb 
because X = L - PP'. The ordinate Y of the point P is 
equal to the ordinate of the point P' and, hence, the arc 
between the points 36 and P' of the great circle 41 de 
picted in FIG. 10. Therefore: 

Y = R arcsin(YIR), 
where Y' represents the current Y' coordinate of the 
point P'. Inasmuch as 

x2 + y2 = R2, 
the curve of approximation 42' along which the perfo 
rations should be aligned in accordance with this inven 
tion is: 

(X -- R-tands - L)/(R-tand) -- sin(YIR) = 1,. (10) 
where tands is given by Equation (8) and L is given by: 

X = R'sin (LIR). 
Referring to FIGS. 5,9, and 10, the curves of approx 

imation, such as 42", will now be specified in a more 
practical form. Let the horizontal and vertical pitches 
of the perforations 22 in a flat prototype be denoted by 
H and V. In addition, let the point P be a center point 
of the (i,j)-th one of the perforations 22, i being 
counted horizontally from the perforations aligned 
along the vertical center line of the flat prototype and 
j being counted vertically from every other perforation 
aligned on the horizontal center line. The abscissa L of 
the point 36' and the ordinate Y of the point P are 
equal to iH and jV. Inasmuch as the arc between the 
points 36 and P' of the great circle 41 is equal to Y as 
described, X" is equal to Ricos(Y/R) in FIG. 10. There 
fore: 

PP' = R 1 - cos(YIR)) tands 
results from Equation (9). This applies also to the sub 
stantially vertically aligned perforations, two of which 
are placed contiguous to the horizontal center line, 
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6 
when jV is deemed to represent the current Y coordi 
nate for the curves of alignment of these perforations. 
After all, the distance to or a small displacement PP'\ 
(i,j), from a straight line 41' defined by X = iH, for the 
(i,j)-th perforation is: 

PP'(i,j) = R 1 - cos(jVIR)tandb = mR 1 - 
cos(jVIR) sin(iH/R)/(R - m 'cos(iH/R)). (ii) 

For example, the radius of curvature R of a shadow 
mask surface be 800 mm. The distance m between the 
center of curvature 30 and the light source 25 be 535 
mm. The pitches H and V be 0.52 mm and 1.00 mm, 
respectively. Now, the small displacement PP' for the 
(364.j)-th perforation is: 

PP'(364, i) = 385.25 - cos(0.0716.j), (12) 
when the argument of the cosine is given in degrees. 

It will now be discussed to what extent the small cir 
cles, such as 32, depicted in FIGS. 6 and 8 are approxi 
mated within the effective or practical area of a proto 
type or a shadow mask according to this invention by 
Equation (10), (1 l), or (12) for the curves, such as 
42", on a plane. At first, it should be understood that 
the error introduced on pressing a flat shadow mask 
into a spherical form is only of the order of a score of 
microns and negligible in practice. In the next place, 
the error 8X introduced by substitution of an ellipse 42 
depicted in FIGS. 8 and 10 for the small circle 32 is, 
from the fact that both curves 32 and 42 lie on a com 
mon plane 43: 

8X = p - Rarctan(p/R), 
where p represents the maximum value within the ef. 
fective area of the distance between a great circle, such 
as 41, and an ellipse of approximation, such as 42, 
along the generating line of a cylindrical surface, such 
as 44. For the effective area, L and Y may be at most 
equal to 190 mm and 140 mm, respectively. The dis 
tance p becomes a maximum when L = 190 mm and Y 
= 140 mm, where the abscissa X of the curve 42' be 
comes 184.49 mm. Hence, the maximum distance p is 
5.51 mm. With these values, the absolute value of 8X is 
equal to 0.01 mm at most. It is now understood that the 
latter error is also negligible in practice. 
A shadow mask may often have different radii of cur 

vature in the X-Z and Y-Z planes of FIG.8. For exam 
ple, let arcs of a first and a second circle of radii R. and 
R be drawn on the X-Z and Y-Z planes, both having 
the centers on the Z axis and passing through the point 
or vertex 40, and let a plane on which the second arc is 
present be tilted from the Y-Z plane with the center of 
the first circle fixed and with the second arc guided by 
the first arc to generate a substantially spherical surface 
of a shadow mask. If the center of the first circle is 
placed at a point 30 whose coordinates are (0, 0, -m), 
the angle cb is given by: 

tandb = - m'sin(LIR)/R - in cos(L/R) 
with reference to Equation (8). Inasmuch as the curve 
41 is a circle of radius R, the curve of approximation 
42 is an ellipse defined by the intersection of the plane 
43 and a cylindrical surface of radius R. Therefore, 
Equations (10) and (11) become: 

(X -- Rtands - L)/(Rtands) -- sin(YIR) = 1 
and 

PP'(i,j) = - mR 1 - cos(VIR) sin(iH/R)/(R - 
m'cos(iH/R)). (1 l') 

For example, the small displacement for the (364,j)- 
th perforation of a flat prototype for shadow masks of 

picture tubes are: 
PP'(364J) = 353.95 (1 - cos(0.0735) 

( 10') 

(12") 
if R = 820 mm, R = 780 mm, and m = 555 mm. 

Incidentally, the small displacements for the 
364, 120)-th and (364,127)-th perforations are 4.17 
and 4.67 mm according to Equation (12"). The corre 
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sponding displacements are 4.01 and 4.51 mm accord 
ing to Equation (12). The difference in the displace 
ments is 0.5 mm in both cases. This shows that the per 
foration arrangement for a spherical shadow mask may 
be substituted for that for a substantially spherical one 
in practice. 
Referring again to FIG. 5, a shadow mask of the color 

picture tube of the type described generally has curved 
minor sides. In a conventional shadow mask, several 
lines of the perforation arrangement are cut short in 
longitudinal end portions of the mask. This results in an 
additionally unpleasing appearance of the colored pic 
tures at the horizontal end portions. A shadow mask 
naturally has rounded corners. Let a point of connec 
tion between the minor side and a rounded corner be 
placed at a point whose X and Y coordinates are (X, 
Y). The abscissa is: 

X, = (X - R.) - WR - Y, 
where R and Xo represent the radius of curvature of 
the curved minor side and the abscissa of an intersec 
tion of the X axis and the curved minor side. In a 
shadow mask for a 20' color picture tube of the type 
described, X = 185.77 mm when R = 2300 mm and Y, 

127V. If X 364H, the abscissa X of the 
(364,127)-th perforation is: 

X = 364 x 0.52 - PP'(364,127) = 185.25 mm 
according to Equation (12). The difference between X, 
and X is only 0.52 mm. It is therefore possible to shape 
the minor sides of a shadow mask according to this in 
vention along the longitudinally outermost lines of per 
foration arrangement. 

Finally referring to FIG. 11, a shadow mask accord 
ing to this invention may be manufactured by the use of 
a flat prototype 50 through which substantially verti 
cally running slits 51 are formed in the manner thus far 
described and a transparent screen 52 on which opaque 
line segments 53 are printed or otherwise formed so as 
to intersect the slits 51 at portions corresponding to the 
bridges 26 of a flat shadow mask. The prototype 51 and 
screen 52 are superposed on a metal plate 55 coated 
with a photosensitive film, which is exposed to a light 
source exemplified by an incandescent lamp 56 
through the slits 51 cut at portions by the opaque line 
segments 53. The slits 51 may be readily formed by the 
use of a numerically controlled machine. In this con 
nection, it should be mentioned that the precision for 
the line segments 53 is not serious because the color lu 
minescent stripes and the black stripes, if any, are con 
tinuous along the curves mentioned above. 
What is claimed is: 
1. In a shadow mask for a color picture tube having a 

generally rectangular glass face plate of a substantially 
spherical curvature, and mask having a shape of a simi 
lar rectangle and an approximately equal spherical cur 
vature to be positioned substantially parallel to an in 
side surface of said face plate and having a plurality of 
perforations formed therethrough, said perforations 
being elongate in a first direction parallel to a predeter 
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mined pair of sides of said similar rectangle and ar 
ranged in a regular array with respect to said direction 
and to a second direction perpendicular to said first di 
rection, the improvement wherein said perforations are 
arranged, when said mask is extended to coincide with 
a plane, parallel to said first direction in an area adja 
cent to a center line bisecting the remaining pair of said 
sides and, in remaining areas of said mask, along a plu 
rality of curves whose curvatures grow successively 
larger with an increase in the distance from said center 
line. 

2. A shadow mask according to claim 1, wherein said 
predetermined side pair runs along those two of said 
curves which are disposed outermost as regards said 
second direction. 

3. A shadow mask according to claim 1, said picture 
tube including electron source means for projecting 
electrons onto said face plate inside surface through 
said mask, said approximately equal spherical curva 
ture being R in an X-Z plane and R in a Y-Z plane, 
said X-Z and Y-Z planes being coordinate planes of an 
orthogonal XYZ coordinate system having an X and a 
Y axis in said second and first directions and a Z axis 
passing through a center point of said mask, centers of 
curvature for the curvatures R anad R being placed 
on said Z axis, wherein, when said mask is extended to 
coincide with a plane, said perforations are arranged 
with a pitch of H along said X-Z plane and a pitch of V 
in said first direction and said curves are specified by 
small displacements towards said center line from re 
spective straight lines passing through points aligned 
along said X-Z plane at X-coordinate of iH (i being rep 
resentative of 0 and positive and negative integers), 
said displacements at Y-coordinates of jV (j being rep 
resentative of 0 and positive and negative integers) 
being given by: 

mR 1 - cos(jVIR) sin(iHIR)/R. 
(iHHR), 

where m represents the distance between said electron 
source means and said center of curvature for the cur 
vature R. 
4. A shadow mask according to claim 3, wherein said 

predetermined side pair runs along those two of said 
curves which are disposed outermost as regards said 
second direction. 

5. A shadow mask according to claim 3, wherein R. 
and R are equal to each other and said displacements 
are given by: 

mR 1 - cos(VIR) sin(iHIR)/R -m cos(iHIR), 
where R represents the equal curvature R or R, and m 
represents the distance between said electron source 
means and the center of curvature for said equal curva 
ture. 

6. A shadow mask according to claim 5, wherein said 
predetermined side pair runs along those two of said 
curves which are disposed outermost as regards said 
second direction. 

k ck sk k >k 
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CERTIFICATE OF CORRECTION 
PATENT NO. : 3,925, 7 OO 
DATED December 9, 1975 

INVENTOR(S) : Yuji Saito 
It is certified that error appears in the above-identified patent and that said Letters Patent 

are hereby corrected as shown below: 

IN THE SPECIFICATION: 

Column 2, line 4l, delete "ther of" and insert -- 
there of -- 

line 4, delete " (" and insert -- ( -- 

line 28, delete "faace" and insert -- face -- 

line 57, delete "FIg." and insert -- FIG. -- 

Column line 3, delete "PP " and insert -- 
PP' -- 

o line 67, before "364", insert -- ( -- 

Column 7, line 10, delete "in" and insert -- at -- 

IN THE CLAIMS: 

O Column 7, line 53, before "mask", delete "and" and inser 
-- said -- 

Column 8, line 25, delete "anad" and insert -- and -- 

b 

Signed and Sealed this. 
ninth Day of March 1976 

SEAL 
() Attest. 

RUTH C. MASON C. MARSHALL D ANN 
Attesting Officer Commissioner of Patents and Trademarks 

  


