Jan. 9, 1951

Filed Sept. 4, 1947

485

g‘ﬂ'f—‘) 7

E. E. HANSON ETAL
HISTOGRAM COMPUTER

2,537,628

3 Sheets-Sheet 1

T

e P
D
Q

BY

51 J

INVENTORS

ELMO E. HANSON
AND
COHN H. DAN/EL

o

ATTORNEYS




Jan. 9, 1951 E. E. HANSON ETAL 2,537,628
' ’ HISTOGRAM COMPUTER

Filed Sept. 4, 1947 3 Sheets—Sheet 2

‘ 'M““ ) | )

25
%
[6)

36

3 ,

28 s

- 16 Ko,
ny £
2

= 1~ /¥
a0 =
e

e Ay
it NP
S

m/ﬂﬁf
. !

TP,

|

A i
IR [Faesd 28 ] ]
- - QT T 10 —1

AL
7/ /A AR/ AN LA A7/ L M/ 7, M MY -

13

(N Ly Hllb—
| I

T

. T 10
[T

INVENTOR.
LLMO £ HANSON
AND

SOHN . ngﬂéﬂ
. j BY ég{
o Wmﬁ T omidas

‘ATTORN




Jan. ¢, 1951 E. E. HANSON ET AL 2,537,628
HISTOGRAM COMPUTER

Filed Sept. 4, 1947 3 Sheets—Sheet 3

110

W " .
ne~ ; ']Ul “I X5 ‘ . ‘ ‘
uuul‘ -l F@. oo 7
\EJ g i
T %,/’72
56—~ : ’ 1%
7 56
Al
v |' INVENTOR.
ol | gLl | e 18 | ELMO £ HANSOW
'ZG\W}J JOHN /7’ D/J/V/ZZ




—

Patented Jan. 9, 1951

2,037,628

UNITED STATES PATENT OFFICE

2,537,628 -
HISTOGRAM COMPUTER

Elmo E. Hanson and John H, Daniel, Akron, Ohio,
assignors to The Firestone Tire & Rubber Com-
pany, Akron, Ghio, a corporation of Okhio

Application September 4, 1947, Serial No. 772,126

1

This invention relates to an improved method
of constructing particle diameter histograms and
to apparatus for practicing said method.

An important abject of the invention is the
provision of an improved method of construct-
ing particle size histograms.

Another important objiect of the invention re-
sides in the provision of apparatus by use of
which an opsrator may substantially shorten the
time requirsd to construct particle size histo-
grams, for example, a histogram of a multiplicity
of particle diameters taken. from an electron
miecrograph.

In certain studies of the polymerization of syn-
thetic rubbers, it is desirable to obtain particle
diameter distribution curves or histograms for
the rubber latices. Such diameter histograms
may be obtained from electron microscope photo~
zraphs of the latex particles. The construction
of particle diameter histograms has herstofore
heen a tedious and time-consuming procedure
wherein the “longest’”’ and “shortest” diameters of
the projected image, or a photographic enlarge-
ment thereof, of a partiele are measured with
a rule, their arithmetic mean eomputed, and the
number of particles with mean diameters in pre-
selected diameter intervals plotted against the
diameters. Multiplication by a scale factor, con-
taining the reciprocal of the magnification, con-
verts the diameter axis of the histogram to read
directly in angstrom units.

The present invention has resulted in a sub-
stantial reduction in the time and labor required
in the construction of such histograms.

Other objects and advantages will become ap-
parent to persons skilled in the art upon examina-
tion of the drawings, the specification and the
claims appended thereto.

In the drawings:

Hig. 1 is an elevational view of recording ap-
paratus of the histogram computer described
herein;

Fig. 2 is a plan view of the
nism of the present invention;

Fig. 3 is a perspective view, in enlarged frag-
mentary detail, of the particle outlining appara-
tus of Fig. 2;

scanning mecha-

17 Claims.

80 mately spherical in shape.

(CL 35—24)
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Pig. 4 is an elevational view of the scanning de-
vice of Fig. 2;

Pig. 5 is a plan view of the apparatus of Fig. 1;

Fig. 6 is g side elevatlon of the apparatus of

6 Figs. 1 and 5;

Fig. 7 is a detailed sectional V1ew of a hall re-
lease mﬂehamsm,

Fig. 8 is an enlarged detail showing a particle
bracketed in the manner described herein;

10 Fig. 9 is a schematic diagram of an elsctronie

histogram computer employmg servo-motor con-
trol;

Fig. 10 shows three experimental particle size
histograms; and

16 Fig. 11 shows another series of three experi-

mental particle size histograms.

In the development of the histogram computer
herein described, consideration was given to the
question of whether the arithmetic or the geo-

20 metric mean or some other function of the “long-

est” or “shortest” diamseters of particles should
ke plotted. The device was constructed with spe-
cial reference to the use thereof in computing
the mean diameter of latex particles; however,

25 it has broad application in respect to the other

studies. References made herein to latex are for
the purpose of explanation rather than limita-
tion. With unbroken film in an electron micro-
seope, latex particles usually appear approxi-
However, when the
film surface tears, which frequently is the case,
the particle contours may be elliptical due to
film distortion. Under the latter condition, the
broblem is to compute the diameter of the equiva-

85 lent spherical particle having either the same

volume, or the same surface area as the actual
ellipsoidal particle. These two cases require
calculation of different functions of the maijor
and minor axes, The particles may be either

40 prolate or oblate, or some shape in between, and

there is no way to determine what volumetric
shape a particle has short of some time-consum-
ing process such as taking stereo-photographs.
A comparison between the diameters of the

45 volume-equivalent and the surface-equivalent

spheres, and the arithmetic and geometric mean
diameters of both prolate and oblate spher01ds is
given in the following tables.

Prolate spheroid

Arith. Percent Error Percent Error
: Mean Geom. | Differ- .
R:/%O’ povivs Mean ence, Dy Ds
— (ab)14 Percent Arith, Geom. Arith, Geom.
2 Mean Mean Mean Mean
1.0 b 0.0 b 0.0 0.0 b 0.0 0.0
15 1. 256 1.255b . 1.0 1.145b 9.2 7.0 1.16b 7.8 5.6
2.0 1. 500 1.414b 2.9 1. 2606 19 12.2 1.31b 14 7.9
2.5 1.75b 1. 586 5.1 1.3570 29 16 1. 44b 22 9,7

a=Major axis.
b=Minor axis.

Dy=Diameter of sphere of equal volume,
Dg=Diameter of sphere of equal surface.
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Oblate spheroid
Percent Error Percent Trror
Ratio, Dy Ds
afb Arith, Geom. Arith, Geom.,
Mean Mean Mean Mean

1.0 b 0.0 0.0 b 0.0 0.0
1.5 1.310 —4.6 —6.5 1.33b —6.0 -7.9
2.0 1. 5870 —-5.5 —11 1. 66b -9.6 -15
2,5 1.842b -5.0 —14 1,99 ~12 —21

a=Major axis.

b=Minor axis.

D.=Diameter of sphere of equal volume.
. Dg=Diameter of sphere of equal surface.

In some cases the geometric mean is the closer
approximation, and in others the arithmetic mean
is the closer. The apparatus illustrated and de-
scribed is designed, for the purpose of simplicity,
to give the arithmetic mean and in general t.e
measurements should be restricted to particles
having a major to minor axis ratio of less than
two.

The apparatus comprises generally a scanning
mechanism, Figs. 2 to 4, and a recording mecha-
nism, Figs. 1, 5 and 6 cooperatively associated
with the scanning mechanism in a manner to
log the arithmetic average of two diametzrs of
particles measured by use of the scanning mech-
anism.

As best shown in Fig. 2, the scanning mecha-
nism includes a base plate 10, preferably metal,
having a right angle section removed from the
lower right hand corner thereof, as viewed, to
permit bracketing of particles as hereinafter de-
seribed. Base plate 10 is in turn supported on
a glass or Lucite sub-base plate 13 substant ally
coextensive with base plate 18, except that plate
13 extends partially over the area defined by said
removed section. A window 5 is thus formed to
permit the computber to be placed on a photo~
graph of particles to be measured with the particle
to be measured visible through said window. A
pair of perpendicularly disposed lines I§ and 17
are etched on the under surface of transparent
window 15, lines 16 and 1T as shown being in
parallel spaced relation to the margins of plate
10 defining the window.

Mounted on base plate [0 are Selsyn motors
i8 and 18, the motors being positioned in 90°
angularity as shown. Motors 18 and 19 are not
electrically connected together to operate in
synchronization, each mctor being connected,
through conduit 28, to a remote and operatively
associated motor, later described. The armature
shafts of motors {8 and 19 are provided with
drive gears 2f and 22 respectively, said gears
meshing with idler gears 25 and 26, which in turn
engage driven gears 28 and 29, the latter gears
being in fixed relation to rotatively mounted
threaded shafts 31 and 32. Shafts 3i and 32 are
mounted in 90° angularity as viewed in Fig. 2, the
‘axes of the shafts being parallel to the axes of
each associated Selsyn motor. The shafts have
one end journaled in bearing block 35 and their
opposite ends in journaled relation with mount-
ing brackets 36 and 37; axial adjustment of the
shafts-being permitted by adjustment of lock nuts
39 and 40. A pair of scanning bars 41 and 42
have end portions threadedly engaged with shafts
31 and 22 respectively, the bars being constricted
to movement in a horizontal plane by suitable
means, such as non-rotating nuts, not shown.
Operation of either Selsyn motor results in rota-

20

36

tion of the associated shaft driven thereby
through the interconnecting gear train., The
mounting shafts of idler gears 25 and 26 are pro-
vided with knurled knobs 46 and 50 to rermit
these gears to be manually rotated to effect linear
displacement of scanning bars 41 and 42 through
a horizontal plane. As best shown in F.g. 3,
scanning bars 41 and 42 have iines scribed on the
upper and lower surfaces thereof. Bar 41 is pro-
vided with lines 44 and 45 and bar 42 with lines
4T and 48 respectively, each set of lines being dis-~
posed in a vertical plane with respect to the
horizontal plane of the bar. The sets of verti-
cally disposed lines serve to prevent parallax dur-
ing operation of the device, as later deseribed.
Operation of the scanning mechanism is as
follows. The window portion of the mechanism
is placed over a photographic enlargement or
other document containing particles, the major
and minor axes of which are to be measured ior
a histographic record. Particles are normally
measured in a manner to cover a certain area,
each particle being crossed out after being brack-

40 eted. The scanning mechanism is moved in re-

it

85

s

-3
o

spect to each particle to be measured in a manner
to frame the particle with lines 16 and {7 in ver~
tical marginal alignment therewith. For ex-
ample, if the particle to be measured is of circular

5 configuration, lines {6 and 17 will cross the cir-

cumference thereof at points at 90° relation to the
center of the circle. Bars 4i and 42 are then
moved, either manually through movement of
knurled knobs 48 and 58 or by driving Seisyn
motors 18 and {9, as later described. The bars
are moved into marginal registry with the particle
being scanned as the operator aligns the particle
with the scribed scanning lines from a vertical
position. Since seanning bar movement is nec-

5 essarily accompanied by movement of the Selsyn

motor armatures, the extent of bar movement can
in this manner be translated to a remote point
through electrical connection of each motor 18
and 19 to an associated motor, rotation of each
associated motor being identical to rotation of
drive motors 18 and 9.

Referring to Figs. 1, 5 and 6, a recording unit
includes motor and reduction gearing apparatus
mounted on an elevated platform %% supported
by vertical posts 56 in turn supported on base
plate 51. An elevated platform &2 extends from
the left hahd side of the structure of platform
55 as viewed in Figs. 1 and 5, to be suitably sup-
ported at one end by said structure and at the
opposite end by posts 81, which in turn find their
support on base plate 57. A pair of upstanding
brackets 64 and 8% are mounted on platform 88
and 55 respectively to provide support for an
elongated screw element 6%, the screw element
being longitudinally and transversely aligned in
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respect to platform 60 and retained in journaled
engagement with brackets 64 and 65. A ball dis-
pensing mechanism, generically designated 69,
threadedly engages screw element 67 to be sup-
ported thereby and operated in a manner later
described. :

A ball receiving unit 18 is positioned directly
below and in alignnient with the path defined by
the ball dispensing mechanism 69 in its move~
ment along screw element 67. Unit 10, as shown
in Figs, 1 and 6, comprises a pair of identical
plates Ti and 12 of transparent material such as
Lucite, between which a plurality of thin shims
are vertically disposed in mutual parallel spaced
relation to define multiple ball receiving wells.
In the device shown, unit T0 includes 80 such
wells, only a portion of Wwhich are illustrated.
Unit 78 is suitably positioned on a base member
15 and is adjustable in respect. to a vertical plane
by means of two pairs of laterally positioned
thumb screws 76 and 17 disposed at each upper
end of the unit.

Returning to the ball dispensing mechanism,
a member 88 is provided adjacent one end there-
‘of with a transverse bore threaded complemen-
tary to screw 67 from which member 88 de-
pends. The lower end of a coiled metallic tube
83 extends through a vertical bore 82 provided
in member 86 and info a depending tube 91 sup-
ported thereby. Coiled tube 83 provides a mag-
azine for the storage of a large number of steel
balls.
of a refilling device 85 consisting of an open
ended cylinder 86, the bottom end of which
leads into a pair of progressively reduced and
interconnected eylindrical portions 87 and 88,
portion 88 terminating in a nozzle receivable in
tube 83 to permit the passage of a single ball
therethrough. Refilling unit 85 is attached to
tube 83 only during refilling operations and is
removed therefrom prior to operation of the
computer. Tube 83 is carefully selected as to
diameter, being slightly larger than the balls
used and the inferior thereof may be given an

‘acid bath to insure a smooth surface to promote ~

the passage of the balls therethrough.
Referring to Fig. 7, vertically disposed tube
81, receivable in the Iower end of bore 82, feeds

individual balls into a suitable aperture 82 pro-.

vided in a horizontally disposed plate 93, slid-
ably mounted for movement in one direction
‘under the urge of spring 94 and in an opposite
direction hy the pull of solenoid 95. A suitable
stop 86 is provided fo position plate 93 in a
ball receiving position as shown, under tension
of spring 94 with solenoid 95 non-energized.
Upen energization of sclenoid 85, armature 981,
to which plate 83 is attached, is drawn against
housing block 87.to position the plate aperture
92 in vertical alignment with a feed spout 98
to allow a single ball to be discharged there-
through and into one of the vertical channels
of unit 89, as governed by the position of dis-
pensing mechanism 88 at the time of ball re-
lease.

As best shown in Figs. 5 and 6, platform 55
provides support for Selsyn motors 99 and 100.
Armature gshafts . 18f and 102 carry fixedly
mounted gears 188 and 164, A differential mech-
anism 185 of a known type is disposed intermedi-
ate gears 103 and i04 in meshed engagement
therewith. Mechanism {05 includes a driven
shaft £8Y directly coupled to the screw element
81 in a suitable manner. A pulley 109 is mount-

The coil is periodically filled by means:

—

0
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ed on shaft 107 in keyéd rélation thereto, to be

driven by & econventional motor (10 mounted
laterally of platform 55, through pulley 112 and
belt 1#3. Motors 99 and 100 are electrically con-
nected, through a suitable conduit 20 to motors
18 and 19 respectively. Thus motors I8 and 99
operate as a Selsyn motor unit and rotation of
the armature of one motor, either manually or
electrically, results in a like degree of rotation
of the companion motor, ag is well known in the
art. In the same manner, motors 9 and (00
funetion as a unit.  Differential mechanism i85
is of the additive type whereby the rotations
of armature shafts 161 and 102, in the same
driven direction, result in rotation of drive shaft
187, and hence screw clement 67, an amount

‘proportional to the sum of the rotation of ar-

matures (8f and (02. The translating mecha-
nism in the specific apparatus described is de-
signed to give a step-up ratio or amplification
factor of {8 from the scanning to the recording
unit.

In the device illustrated, &'’ steel balls were
supplied to a magazine of %’/ inside diameter.
The recorder compartment unit 70 was con-
strueted by bolting together two pieces of Lucite
11 and 12, measuring 6" x- 11" x Y%’ against
.096’’ thick spacers Strips of .010’’ thick shim
stock were inserted into grooves accurately milied
into the inner surfaces of plates Ti and 72 on %’/
centers. A U-shaped metal plate {25 slides over
a box-like elongated receptacle 126 to form a
bottom closure for the vertical channels of unit
0. The balls may be easily removed from the
unit by sliding plate 12% from box 12§ to allow
the balls to fall into box 128, which may then
be removed and emptied.

Operation of the device is ag follows. A par-
ticle count can of course be made either from
a photographic enlargement or directly from
an image of the electron micrograph plate pro-
jected at a desired magnification on a ground
glass screen. The scanning unit is first set at
the zero position with the scribed lines of ele-
ments 4i and 42 directly over scribed window
lines 17 and [6 respectively. The ball dispens-
ing unit 67 is set at the zero or extreme left
hand position, Fig. 1, of recorder unit 78. The
compartmentized unit 70 is longitudinally shifted
until the balls fall equally often on both sides
of the chosen zero wall. With a translating
mechanism magnification of 18, a total mag-
nification of 35,300 diameters is required to give
a value of 50 angstroms to each %'’ wide com-
partment interval as employed herein. Other
values may of course be given the compartment
interval by suitable choice of gearing and total
magnification of the electron. micrograph.

The scanning unit is next positioned succes-
sively on the particles to be measured, with each
such particle bracketed by the seribed lines as
shown in Pig. 8. As each particle in turn is thus
bracketed, dispensing unit 67 is moved, by the
combined rotation of the Selsyn motors, to a
position determined by the axes of the particle,
and a ball release switch, not shown, is man-
ually closed to actuate the release mechanism
98 of Fig. 7 to release a ball. Bracketing may

be done by hand through manual manipulation
of knurled knobs 46 and 58, or the process may
be speeded up by use of a conventional reversible
motor {8, preferably controlled through a eon-
veniently located micro-switch, not shown, in
conjunction with means diagrammatically illus-
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trated at {15 and {16 for the positive and selec-
tive braking of either Selsyn motor 99 or 100.
Since motor {18 is connected to drive the out-
put shaft 187 of differential mechanism 183, it is
apparent that with either motor held fast, the
other motor may be driven any desirable amount
and that the rotation thereof will be accompanied
by a like rotation of the companion Selsyn mo-
tor forming a part of the scanning unit. Since
this principle may be advantageously employed
to speed up the process of bracketing particles,
the solenoid operated braking mechanisms 15
and 118 are positioned below armature gears
163 and (04 and are electrically controllable by
means of a double throw switch located adjacent
the micro-switeh which controls motor. 18 to
provide readily accessible means for locking either
motor 99 or {64 and driving its companion motor
and associated bracketing bar.

While the above described apparatus includes
mechanical means (Selsyn motor drive) for the
purpose of translating the added values of two
diameters of a measured particle as a magnified
linear function, the invention is not limited to
the precise apparatuz illustrated in Figs. 1
through 8, since other means of accomplishing
the objects of the invention will become apparent
to persons skilled in the art. Fig. 9 illustrates
schematically eleetrical apparatus for accom-
plishing the same objects by the employment of
electrical control mechanism in place of Selsyn
motors.

Referring to Fig. 9, potentiometers {20 and 12,
of the rotative type, have resistances linear with
their respective angles of rotation, 61 and 62, to
the desired degree of accuracy. Mechanism op-
erative on the general principles of the com-
puting device above described, but with potenti-
ometers replacing the Selsyn motors, may be em-
ployed to obtain setiings of potentiometers 120
and i2i which reflect the relative settings of
associated scribed scanning bars not shown. Po-
tentiometers 129 and (21 are thus set propor-
tional to the major and minor axes of the meas-
ured particle. Similar potentiometers 122 and
{23 are mechanically interconnected in a man-
ner that their angles of rotation remain always
equal to a single angle which is determined by
the position of a servo-motor 1281, Motor 128!
may for example be a squirrel-cage two-phase
type of low inertia and suitable power require-
ments, as for example the Diehl F-49-17, 115 v,,
60 C. P. 8. motor manufactured by Diehl Manu-
facturing Company, Somerville, New Jersey, and
having a rated power output of 22 mechanical
watts at 2200 R. P. M. Optimum motor rating
will of course vary with the type of potenti-
ometer to be driven. Servo-motor (26 is con-
nected, as illustrated by dottde line 127, to a ball
dispensing recorder 128. The recorder illustrated
in Figs. 1, 5 and 6, minus the Selsyn motors and
the differential mechanism, may be employed at
§28. The two voltages Vs and Vs, applied to the
sum amplifier 134, will always differ 180° in
phase, hence when their magnitudes are equal,
the output of sum amplifier 134 will be zero.
Sum amplifier 124 may for example he a simple
current amplifier with the potentials of V2 and
V3 fed to the grid of the input tube in a manner
whereby the potential of that grid is equal to,
excepting possible D. C. bias, the sum of poten-
~ tials V2 and Vs. Amplifier 134 may thus be an

ordinary current amplifier with only the above-
mentioned method of introducing the two volt-
ages V2 and Vi dignifying it as a sum amplifier.
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The output of amplifier 134 may be coupled
through a suitable transformer to one coil of a
two-phase motor having a second coil which is
maintained in $0° out-of-phase relation to the
first coil to introduce reversibility in response to
a change of phase in the transformer excited by
amplifier 134. " An example of such an amplifier
is given on page 219 of a pamphlet entitled
“Electronics for Industry” by W. L. Bendz, pub-
lished by John Wiley & Sons Ine., London. The
direction of rotation of servo-motor 126, when
voltages V2 and V3 are not equal, will depend on
which voltage is the greater.

Cathode follower circuits are identified as CFI
and CF2, giving an extremely constant amplifica-
tion of less than unity. Cathode followers CFI
and CF2 are of a known type, commenly em-
ployed for impedance matching, as for example
the type shown on page 157 of “Reference Data
for Radio Engineers,” second edition, published
by Federal Telephone and Radio Corp., Febru-
ary 1947, or as shown on page 149 of “Electronic
Transformers and Circuits” by R. Lee, published

by John Wiley & Sons Inc., New York, in 1947,

Setting Ri=R2=0 for the moment, the following
relation will exist.

Ve=V14cfi16a=V14cf1ke D2
=lkiD1C1VodcfikaD2 (1)

Va=ViAcj20=~Acf20°CsVo €))

where 01=Ik1D;; 62=kaD2; voltage across P1=C1Vo;
voltage across Pe=—C4Vo
When the servo-motor has equalized Vi and

—Ve, and the recorder ball dispenser comes to
rest, the following relation will exist:

AC f20204V0= ]61 D101V0AC flkzDz

9=<70170201 Acf1>%(DxD2)% (3)

04 Acfz
Hence the position of the recorder ball dis-
penser is proportional to the geometric mean of
the particle major and minor axes.

Since Vo does not appear in Eguation 3, line
voltage regulation is unnecessary. Rheostat Ra
allows the increment of diameter for the histo-
gram to be varied. The combination of R: and
Re allows a shift of recorder zero for cases where
1no small particles are present.

To obtain a histogram of approximate sur-
face areas, a switching arrangement feeds Vi in-
stead of V3 to the sum amplifier, thus giving ¢
proportional to the product Di1De.

To obtain a histegram of the arithmetic mean
of particle diameters, a switching arrangement
removes CFi1 and CF: from the circuit, connects
the unzrounded ends of P1 and P2, and feeds Vi
and Vs separately, and Vs instead of Vs, to the
sum amplifier (for this arrangement k: must
equal k2, as would normally be the case).

To obtain a histogram of volumes, Vs instead
of V3 is fed to the sum amplifier, P3 is connected
mechanically and electrically to P2 in the same
manner it was formerly connected to Ps, and the
series outputs of Pi, P2, and Ps, are fed to the
sum amplifier. In the case of a prolate spheroid,
o1 must be set proportional to the major axis;
for an oblate spheroid, 61 must be set propor-
tional to the minor axis. Obviously, only a small
range of particle sizes can be covered in volume
histograms as compared to diameter histograms.

Fig. 10 shows three successive histograms of an
experimental GR-S type latex, each run being
made from the same electron micrograph field.
Fig. 11 includes three histograms of another ex-
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perimental GR-S latex. All were constructed
from the same electron micrograph field, and are
therefore indicative of the reliability of the
method and reproducibility of the instrument.
In these measurements an interval of 100 ang-
strom units was chosen. Since the limit of
resolution of the electron microscope was about
50 angstroms for the specimens used, it was con-
cluded that the sharp variations between 50
angstrom intervals, shown in Fig. 1, were not
significant. -

What is claimed is: )

1. Apparatus for obtaining particle size histo-
grams comprising means for bracketing indi-
vidual particles to obtain measurements of the
major and minor axes thereof, means for trans-
lating the additive sum of the aggregate of said
quantities into mechanical energy, and means
for employing said mechanical energy for com-
puting said sum.

2. A device of the character described having
in combination, mechanical means for rapidly
computing the major and minor axes of a parti-
cle, means associated with said computing means

for generating an amount of mechanical energy o

proportional to the sum of said computed meas-
urements, and means for employing said gen-
erated mechanical energy for recording the mag-
nitude of said sum. . .

3. In a particle size computer, two pairs of
Selsyn motors, means for electrically connecting
each pair of said motors for synchronized trans-
lation of armature movement therebetween,
means associated with one motor of each pair
for the translation of linear movement to arma-
ture rotation, and means ccoperatively associated
with the other motors of each pair for adding
the effect of the individual armature rotations
of said first-mentioned motors, and means for
utilizing said added effect for computing the
magnitude thereof.

4. In a device of the character described, the
sub-combination comprising a supporting mem-
ber provided with a window, a pair of threaded
elongated elements supported in a common plane
in mutual right angular relation, a bar-like mem-
ber mounted on each of said elongated elements
in screw threaded engagement therewith for
movement along right angularly disposed linear
paths, said bar-like members having portions
extending over said window, and Selsyn motor
means for translating the linear displacement
of each of said bar members to a single linear
displacement at a position remote therefrom.

5. A particle size recorder having in combina-
tion a plurality of upwardly open vertically dis-
posed and equally spaced chambers, means dis-
posed above said chambers for storing a quantity
of metallic balls, and means movable along a
path aligned with said upwardly open chambers
for individually receiving said balls from said
storage means and dispensing them into said
chambers.

6. A device of the character described having

in combination, a scanning device including right.

angularly disposed fixed boundary lines and right
angularly disposed movable boundary lines asso-
ciated with said fixed boundary lines in a man-
ner to define a rectangle, a motor means asso-
ciated with each of said movable boundary lines
for the translation of linear movement of said
lines to rotation of said motor, means for trans-
lating said motor rotation fto a. point remote
from said scanning device, means for adding, at
said remote point, the combined angular rotation

10
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effected by linear movement of both said movable
boundary lines, and means for translating said
added angular rotation back to linear displace-
ment.

7. The device of claim 6, including means dis-
posed at said remote point and operative in re-
sponse to said linear movement resulting from
said motor rotation whereby to permanently
record the magnitude of any given added angu-
lar displacement.

8. The device of claim 6, including a recording
device disposed at said remote point for coopera-
tive association with said angular rotation trans-
lating means, said recording device comprising 2
multiplicity of uniformly spaced and linearly
aligned article-receiving chambers, an article-
dispensing device adapted for movement in 2
path aligned with said article-receiving cham-
pers, said article-dispensing device being in co-
operative association with said linear displace-
ment means, and means for selectively dispens-
ing individual articles into said chambers.

9. A device of the character described having
in combination a pair of movable boundary line -
elements disposed in mutual right-angular rela-
tion, an electrical circuit including variable re-
sistances for the control of voltage drop there-
through, each of said movable boundary line ele-
ments associating with one of said resistances
in a manner to effect voltage change in a part
of said circuit in response to linear movement
of either of said boundary line elements, a sum
amplifier associated with said circuit for adding
the voltage variation thus produced in said cir-
cuit, servo-motor means responsive to the oui-
put of said sum amplifier, and means associated
with said servo-mofor means for recording
through said circuit, sum amplifier and servo-
motor means, the added displacement of said
boundary line elements.

10. In a device of the character describad, the
sub-combination comprising a plura’ity of lin-
early aligned ball-receiving chambers, a ball dis-
penser mounted above said chambers for move-
ment in a path aligned therewith, said ball dis~
penser comprising a tubular ball masazine, a
ball dispensing spout, and an electrically oper-

“able means disposed intermediate said magazine
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and said spout for the individual transfer of a
single ball from the magazine to the spout.

11. The device in claim 10 in which said ball
dispensing mechanism comprises an apertured
element movable through a horizontal plane,
spring means urging said element in one direc-
tion and solenoid means disposed diametrically
opposite said spring means for movement of said
apertured element against the urge of said spring
upon magnetization of sa‘d solenoid, a tubular

" guide for feeding said bhalls from said magazine
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into the aperture of said element, and a tubular
spout for the discharge of said balls from said
aperture into one of said chambers, said tubular
spout and said guide being in offset relation in
respect to the plane of said apertured member
and in 90° angularity thereto, whereby said ap-

ertured member ‘alternates, under the urge of

said spring, and the urge of said solenoid between
a ball receiving and a ball dispensing position
whereby to permit only single ball feed through
said device in response to solenoid actuation.
12. A method of constructing particle size his-
tograms consisting of individually framing a plu-
rality of particles to obtain measurements of the
major and minor axes thereof, translatng the
sum of said measurements into amplified linear
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displacement, and utilizing said linear gdisplace-
ment to record the sum of said diameters.

13. A method of computing the arithmetic
mean of the major and minor axes of particles
for the purpose of constructing a particle size
histogram, consisting of framing each particle in
a rectangle formed by two fixed and two movable
right angularly disposed straight edges, employ-
ing the relative positions of said movable edges
in respect to their opposite fixed edges to effect
linear displacement of a ball dispenser in a man-
ner whereby the resulting position of said dis-
penser is a function of the sum of the major and
minor particle axes thus framed, and causing
said dispenser to release a ball to permanently
record said position.

14, A ball recesiving histogram computer com-
prising a pair of planiform elements of transpar-
ent material, each of said elements provided on
one face thereof with a series of identical par-
allel grooves, and means maintaining said plani-
form elements in mutually spaced clamped en-
gagement with the grooves of one element in
registry with the grooves of the other element to
form ball receiving chambers,

15, In a device of the character described, the
combination with a pair of fixed straight edges
disposed in right angular relation, a pair of mov-
able straight edges disposed in right angular re-
lation to complete a rectangle with said fixed
straight edges, said last-mentioned straight edges
being defined on members restricted to movement
in linear paths in a manner to retain parallel
and right angular relationship respectively with

said fixed straight edges to permit selective ad-

justment of the area of said rectangle, and means
associated with each member defining said mov-
able straight edges for the translation at a point
remote therefrom of displacement of said mem-
bers along said linear paths, means for adding
at said remote point the values of linear dis-
placement of each said movable straight edge
defining members, and mechanical means oper-
ative in response to said added value of linear
displacement for permanently recording the
magnitude thereof.

16. In a device of the character described, the
combination with a pair of fixed straight edges
disposed in mutual right angular relation, a pair
of movable straight edges disposed in right angu-
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lar relation to complete a rectangle with said
fixed straight edges, said last-mentioned straight
edges being restricted to movement in linear
paths in a manner to retain parallel and right
angular relationship respectively with said fixed
straight edges to permit selective adjustment of
the area of said rectangle, an electrical network
including at least a pair of variable resistances
and a source of energizing current connected in
a manner to cause current flow through said
resistances, means operatively asscciated between
said movable straight edges and sa‘d variable re-
sistances whereby linear movement of either
straight edge results in a corresponding change
in the value of its associated resistance, electrieal
means associated with said resistances for am-
plifying the sum of the potential drop across at
least a portion of said resistance and means
associated with said last-mentioned amplifying
means for translating the sum of said potential
values into linear mechanical displacement.

17. In a device of the character described, the
sub-combination comprising a ball dispensing
unit, means associated therewith to permit only
single balls to be dispensed therefrom, and a
magazine associated with said dispensing unit,
said magazine comprising helically disposed tub-
ing having an inside diameter slightly larger
than the balls to be dispensed therefrom, and
means for charging said magazine with a mul-
tiplicity of balis.

ELMO E. HANSON.
JCIHN H. DANIEL.
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