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Reissued Mar. 24, 1931

UNITED STATES

* Re. 18,005

PATENT OFFICE

WELIAI A DABRAI—I OoF CHICAGO ILLINOIS

PBDOES 0!' A'UTOMA'I‘ICALLY MEABUBING m APPARA’.I.‘UB THEREFOR

Origlnal No. 1,748 5285, dated l'ebruaxy 11 1830, . Serial No. 315 886 filed October 29, 1938, Appllcation
: . for reissue :filed December 28, 1930. Serial No. 505,058,

This invention relates to equlpment and

methods for automatically measuring dif-
ferences in light transmission. Among the
objects of this invention are to provide eco-
g nomical, simple and quick responding means
for controllmg various processes and opera-
tions by means of the transparency of certain
products which takes Pplace in the operation.
‘For example one
io tion is the control of combustion in order to
obtain smokeless combustion, by the absorp-
tion of light through a given column of fur-
nace gases. Another application of this proc-
ess and. equ1 ment is in connection with the
15 filtering or b
example sugar or syrup solutions and for in-

- stance during the refining operation. .
Another application is in thé difference of

materials such as dyes for the addition of in-

20 dicators to solutions, the change in light trans-
mission of the solution serving to operate an
indicator as well as a control.

Another. application of this device is the
measurement of the thickness of a sheet of

25 material such as paper by the absorption of
light of a sheet of different thicknesses. This
process may also be employed in the applica-
tion of coatings where the thickness of the
céating is controlled by its power to restrict

730 the passage of light. through the coating.
This equlpment may. also be employed in
such operations as the control of density of

suspended materlal such -as WOOd pulp 1n'

_a solution.
35

ar dispersions and of permlttmg such varia-

. trons in light transmlsslon to operate control.

means_for mamtalm,ng any desn‘ed constant
condltlon. Sl

. The equlpn‘ien‘ is relatwely mexpensxve,
sensﬂ;we and may be installed without dam-f;
_aging in any manner the. product which' is

‘456 being controlled.
Other objects W1I
s;deratmn of the ¢

ngs, spemﬁcatlon and

fpphcatlon of this inven- -

eaching of solutions such as for’

.The equlpment has the a,dvantage of glvmgg
a.n _accurate. 1mmedlate response.to variations a
in light conductivity of: gases, liquids, solids,

be 4 apparent from a con-'

e juipment which constltutes my mventlon‘
adapted to control a liquid or gaseous me--

dium

Figure 2 shows diagrammatically a portion
of the equipment modified to control such a
factor as the thickness of a sheet of: paper
during its manufacture;

Figure 3 shows the relative electrical char-
acteristics occurring during the operation of
my equipment in case of a balance, while

Figure 4 shows the electrlcal conditions
existing in my equipment in cases of unbal-
anced or when the control equlpment is func-
tioning;

Figures 5 and 6 show modified arrange-
ments of the apparatus for accomplishing the
results set forth.

Referring to Figure 1,1 represents a.source

55

80

of light for example an ordinary incandes-

cent light preferably of high intensity. The
bulb of lamp 1 may be colored to obtain any
desired grouping of wave lengths which 1s

most satisfactory for the measurements in

hand. Ordinarily the shorter wave lengths
are desirable and in many cases it is'an ad-
vantage to use for the source of light 1 a
mercury arc lamp in a quartz or glass tube.
2 indicates a lens or concentrating device
which if desired may be omitted or may be

" replaced by a slotted screen which is shown

also as 3. 4 indicates a mirror ‘which re-

ceives the light from source and reflects it to’

rotating device 5. It will be understood that

the object of this equipment is to: throw &
uniform beam of light intermittently through
substance to be tested. or. controlled-and a-

standard or: comparison substance. - I, there-
fore; do not wish: to be confined to-any set
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method -of accomplishing this result and-the

equipment indicated here. is shown. for pur-
poses- of - clearness and. ease of description
many. changes being obvmusly possible and
still falling . Wlthln the scope of th1s inyen-
tion.

Rotating member 5 carries a senes of m1r-'

rors or reflecting members such as prisms, so
arranged that as the member 5 rotates the

- beam of light indicated by 6 whlch falls on
WS prism member 7 is reflected to mirror 8 alter-
" nately to position 9 and position 10 as shown
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by dotted lines. As rotary member 5 re-

.volves, the light is passed back and forth be-
"tween the two points indicated. Rotary
‘member 5 is shown carried in bearing 11 and

connected by coupling 12 to a generator 13
of the direct current type which in turn is
connected by coupling 14 to motor 15 which
is supplied with power from any desired
source as indicated by 16. In other words,
motor 15 drives both generator 13 and rotat-

ing member 5 which are rigidly coupled. to-

ther, thus maintaining a definite phase re-
ation between the curent produced by gen-

~ erator 13 and the travel of the light ray from

15

20

25

30
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45

rotating member 5. -

The light rays from mirror 8 travel alter-
nately through container 17 and container 18,
For purposes of simplicity and description

this equipment will be described as being ap-

plied to a liquid, but obvious modifications
will make the equipment adaptable te either
gases or solids. Container 17 is indicated as
a standard or check solution carrying a sam-

ple of the liquid of the desired density and

transparency while container 18 is intended
to carry a continual uniform stream of the
liquid whose transparency is being checked.
20 indicates a circulating device such as a
pump arranged to maintain the liquid in con-
tainer 17 in agitation both to prevent the set-
tling of insoluble materials and to eliminate
variations due to the agitation of the liquid
in container 18. _

21 indicates a tank or container holding
the material whose transparency is being
checked. 22 indicates a duct or pipe taking a
sample of the liquid in tank 21 to container
18 for test. 23 indicates another pump or
circulating means for returning the sample
liquid back to tank 24. If desired, the sample
liquid may be allowed to go to waste in which
case pump 23 can be neglected.

The light rays after passing alternately
through containers 17 and 18 are reflected
by means of mirrors 25 and 26 to a photo-elec-
tric cell 27. It will be apparent, therefore,
that the photo-electric cell 27 is alternately
excited by the ray of light first through the
sample tube 18 and second through the sam-
ple tube 17 thus creating a varying electric

- current when the rays of light are of unequal

photo-electric effect, but no change of cur-
rent when the rays of light are of equal
photo-electric effect. Since the solution to
be tested and the standard solution are of the
same material varying only in density, a

" change in density or light absorption of the

solution being tested will cause a minute
current to flow through photo-electric cell 27
when excited by battery 28. .

The current passing through photo-electric
cell 27 is amplified in any desired mannér
principally for the reason that the photo-elec-
tric currents at present available are too

18,008

feeble to successfully operate relays or control
equipment. ‘

In Figure 1, I have shown diagrammatical-
ly a standard three electrode tube 29 similar
to amplifiers now used in connection with
radio applications or other high frequency
egimpment. Obviously, if desired, I may em-
ploy any other form of amplifier many of

-which are well known and form no part of

this invention. For purposes of clearness,
however, I will describe this equipment as il-
lustrated

amplifying means. ‘'Within tube 29 is placed
a grid member.30, a filament 31 and a plate
32. The whole equipment is enclosed in a
container 33. ' :

" Filament 31 is maintained at the desired
operating temperature by means of a battery
34. Plate 32 is connected in series with a
coil 35 and a relay member having core 36,
armature 37 and an opposing coil 38. '

Plate 32 is also connected in series with
a variable resistance 39 and a battery 40 one
terminal of which is connected to filament
31. "With the arrangement described, when-
ever the potential of grid 30 is varied with
respect to filament 31 there will be a flow
of current between filament 81 and plate 32
in the usual manner, this current being much
greater than the change in potential of a grid
30 which is caused by photo-electric cell 27.

Coil 38 is connected in series with a variable
resistance 41 and to the terminals 42 and 43
of generator 13. ' .

rmature 37 of the relay operates to close
contacts 44 and 45 which serve to actuate elec-
trically operated valve 46 or equivalent mech-
anism. :

Automatic valve 46 is connected to a source
of liquid 47 by means of piping 48 and dis-
charges said liquid into tank or container
21 when opened.

In operation it will be apparent that a light
ray reflected from the mirrors on rotating
member 5 passes alternately through:column
18 and column 17 containing respectively the
material to be tested and the standard mate-
rial. It will be apparent therefore that coil
85 is subjected alternately to a current im-
pulse which is proportioned first to the light
transmitting power of the material to be
tested and second to the light transmitting
power of the standard material.

The current impulse proportional to the
light transmitting power of the standard per-
forms the dual function of checking the ma-
terial being tested with a standard and com-

pensating for variables in photo-electric cell

27 and electrical equipment associated there-
with, including the source of light 1, as will
hereinafter become apparent. '

Since, however, generator 13 is so wound
.and synchronized that an electromotive force
chronism with ‘the

is produced in exact
travel of the ray of light through the va-
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rious mediums to be tested, coil 38 will be sub-
jected to a flow of current which will be timed
exactly with the flow of current in coil 35 but
opposed in direction. -~ - - . - :

heostat 41 and 89 permit adjustment of
current flow in coils 35 and 38 such that the
effect on core 36 of the current caused by the
light ray traveling through sample medium
17, and the current produced by the gen-
erator 13, simultaneously will be approxi-
mately equal and opposite.

Impedance 41 and impedance 39 can be nor-
mally adjusted so that when the ray of light
from the moving reflector passes through the
standard medium 17 the current flow through
coil 35 as a result of the amplified photo elec-
tric current from cell 27, would be approxi-
mately equal and be opposite the current flow
from generator 13 and coil 38. Under these
conditions the current which results when the
ray of light reaches cell 27 from the medium
under test will cause an unbalance between

. coils 85 and 38 if the current in this case is

30

35

not substantially equal to the current, which
resulted when the ray of light passed through
the standard medium. - As a result therefore
my equipment permits of initial adjustment
against a set of standard conditions and
makes it possible to choose any set of stand-
arﬁs which will thereafter be held automati-
cally. o , _
nder. these conditions the effect of the
currents flowing in coils 35 and 38 during
the interval will balance and the relay will
be unaffected.
If now the current produced by the light

. sensitive cgll 27 when the ray of light travels

40
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through the tube 18 is appreciably less than
the -current produced when the light ray
travels through the tube 17, the effect of coil
35 and coil 38 on core 36 will unbalance.

Armature 37 of core 36 may be polarized.
‘When the resultant magnetic effect on core
36 due to coils 35 and 38 attracts armature
37, contacts 44 and 45 will be closed thus
applying a-source of potential 51 to automati-
cally operate the valve 46 thus allowing solu-
tion to pass from container 47 into con-.
tainer 21.- , - :

It will be apparent therefore that if the
opaqueness of the material in tube 18 is
greater than that in tube 17, the automatic
valve 46. will be actuated causing additional
liquid to flow into container 21:thus diluting
the material in tube 18, which in turn reduces
the opaqueness of this material thus. tending
to maintain an equilibrium.

An indicating device 52 is shown diagram-
matically- attached to the circuit, the device
serving to give a visual indication of the cur-
rent flowing through coil 35. Device 52 is
preferably constructed in the form of a:di-
rect current milliammeter. - .. :
-~ An understanding of the operation of this
equipment can be readily obtained by consid-

3
ering Flggures‘ 3 and 4 respectively. - Refer-
ring to Figure 3,53 indicates a base line upon

which is drawn the curves shown in solid lines
and indicated by 54 and 55, and the reverse
curves 56 and 57 respectively. =~ = -
_In Figure 4, 53 indicates the same base
line as in Figure 3 and other numbers similar
parts as in Figure 3. . Referring to Figure
3, it mafy be assumed that 54 indicates the
curve of magnetic effect ‘produced on core
36 by the amplified current from photo-
electric cell 27 when actuated by the standard
material ; while curve 55 indicates the corre-

‘sponding curve of magnetic effect produced

on core 36 by the photo-electric cell 27, when
submitted to the hight traveling through the
material whose opaqueness it is desired to
maintain constant. A
Curves 56 and 57 represent the magnetizing
effect of coil 38-upon core 36 due to the cur-
rent wave produced by generator 13 and
which it will be noted is synchronized but
Gpposite to the magnetic effect produced by
the light rays trave
and 18.
_ In Figure 3 it will be noted that curve 54
is equal and opposite to curve 56 and curve
57 is equal and opposite to curve 55 so that
there is substantially no resultant magnetic
effect upon core 36 and armature 37 is there-
fore not lifted and automatic valve 46 is not
operated. : -
Referring now to Figure 4, the condition
there illustrated shows the standard constant
wave produced by generator 13 namely curves
56 and 57, and shows also the standard con-
stant wave produced by light traveling
through the standard sample in tube 17,
namely curve 54. In this case, however, curve
55A. represents the magnetizing effect due
to the current generated in photo-eléctric cell
27 when the light ray travels through the tube
18 containing the medium to’ be controlled.

In this case, it is assumed that the density of.

medium 18 has increased which would in turn
decrease the transmission of light through
tube 18 to photo-electric cell 27 and thus'ma-
terially reduce the current passing through
coil 85 as a result of such light action. Since
the current passing through coil 35 is ma-
terially reduced, the magnetizing effect upon
core 36 would also be reduced and this is
shown as curve 55A. Since curve 55A is now
materially less than curve 57, a balance is
not obtained but a marginal magnetizing
which is indicated by the shaded area 58 is
available to operate the relay lifting arma-
ture 50 and thus to cause automatic valve 46
to operate. - Obviously operating -automatic
valve 46 causes the addition of water from
container 47 to' container 21 thus diluting
the ‘mixture in container 21. and therefore
diluting the material in sample tube 18.
This promptly results in an increased trans-

ing through the tubes 17
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mission of light through tube 18 with a
result that a. balance is soon established
and the conditions illustrated in Figure 8
again obtained. When this condition occurs,
automatic valve 46 which is spring actuated,
‘immediately closes and the addition of water
or-diluting material to tank 21 from tank
47 ceases. ,

- It will be apparent therefore that the
equipment outlined here provides means for
automatically diluting a given stock of ma-
terial to maintain constant light transmis-

. sion, . :
Obviously conditions may be exactly re- .

versed and tank 47 may contain for example
a supEly of dye or opaque material in which
case the equipment may be employed to main-
tain the desired opaqueness. :
In the description given above, the equip-
ment is used to maintain a uniform condition
of light transmission through a liquid or
gaseous material. Illustrations of such con-
ditions ‘vould be the maintaining of a con-
stant cor ~entration of wood pulp in solution,

or the maintenance of a constant addition of

iime to lime water and various other chemi-
cals, dyes, etc.

In Figure 2, a diagrammatic arrangement
is shown of a thin solid material such as a
strip of paper, cardboard, film, etc. - Similar
numbers represent similar parts. In Figure
2, 60A and 61A indicate screens which may
be interposed in the path of light ray to ob-
tain the desired color, intensity of light bal-
ance. 62A indicates a strip of solid mate-

. rial which is being tested and 63A a stand-

40

ard sample of solid material having the
desired characteristics, which it is wished
to obtain. If 62A is considered to be a
strip of paper, leaving a paper forming
machine and 63A a standard sample of paper,
it- will be apparent that by controlling the
flow of water from tank 47 (Figure 1) into
a stock chest 21, the thickness of the sheet of
paper 62A may be controlled in the usual
manner known to the trade. The control ob-
tained in this case, however, is automatic

instead of manual which is the present prac-:

tice. :
I wish it to be understood that any features
shown and described in this specification are
to be taken as diagrammatic in being possible
to make any substitutions and variations
without departing from the spirit of my in-
vention. For example, I may use any desired
number of amplifying tubes or I may use
other commercial forms of amplifiers. The
relay which I have shown may be constructed
in any well known forms all of which come
in the scope of my invention. Instead of us-
ing the photo-electric cell indicated in 27 I
may use a piece of light sensitive selenium
or other material of this nature although I
prefg.r photo-electric cell of the type indi-
cate : . :

"18,008 -

Various forms of génefdtf equipment
may be used as for example, a vibrating type
of generator or a vibrated contact in which

case of course, the light rays would be syn- -

chronized with the vibrations of the generat-
ing device. Thus I may use a vibrating elec-

70

tro-magnet carrying a mirror on the moving -

part in place of the system comprised by ro-
tating member 5, generator 13 and motor 15.
In this case I may also use the exciting cur-

rent of vibrating device in coil 38 after prop-

eily controlling it by the variable resistance
47, T .
I wish to point out that certain important
results are accomplished by the general ar-
rangement of equipment which T have here
described and claimed. For example; the ar-
rangement which I have disclosed permits
the use of a single light source and a single
light sensitive cell for comparing two differ-
ent materials. Such an arrangemeirt over-

comes the difficulties which would normally "

be inherent in a device of this kind due to
variations in the amount of light produced
as for example, fluctuations in voltage ap-

plied to the light, deterioration in the light-
-source, etc.

This arrangement also avoids

76
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variations due to a change in sensitiveness of -

photo-electric cell 27. For example if the
photo cell becomes more or less responsive,

the changed condition affects both the reac-

tion of the cell to the light ray from the test

medium and the light ray from the stand- .

ard. Since both reactions are converted into
electrical impulses which are opposed to each
other, the larger impulse will control the op-
eration of the relay which will be therefore
independent of the sensitivity or related
characteristics of the cell, but will be con-
trolled entirely by the relative strength of

the test medium. As contrasted to this con-
dition, the ordinary circuit using a photo-
electric cell as a simple light sensitive con-
trol will give electrical impulses which vary
widely in intensity with the condition and
age of the cell, the impressed voltage on the
cell and light source and many other factors.
Obviously, the arrangement which I have
disclosed may be operated off of any stand-
ard commercial circuit as for example, the
normal lighting circuits and the equipment
is simple, readi%y obtainable and inexpensive.

It is a fact that very large financial wastes
occur continuously owing to the lack of
means of controlling the concentration of
such materials as dyes in the solution, wood,
pulp in the solution, amount of paint or
pigma applied to cloth, paper, etc., and other
similar cases. ]

The application of this equipment to the
control of combustion in furnaces as for ex-
ample in the producing of steam under boil-
ers is evident.. In this case, the example of
the products of combustion from the furnace
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is passed continuously through container 18
and balanced against a desired standard in
container 17. In case the opaqueness of the
gases in container 18 increases, the mecha-
nism causes automatic valve mechanism 46 to
operate which would open the damper in-
creasing the amount of air delivered to the
furnace, thus reducing the smoke. :

In Figure 5 I have shown a modified ar-
rangement of equipment to accomplish a
similar purpose to that shown in Figure 1.
Referring to Figure 5, 60 indicates a source
of light as for example, an ordinary incan-

descent lamp. The light passes from the fila- -

ment or lamp 60 through a controlled open-
ing in screen 61 to a mirror 62 located on a
vibrating member 63. Member 63 may be
constructed in any, desired manner as for ex-
ample, a rugged steel spring securely fas-
tended at, one end 64 and provided with an
adjusta‘ble rider 65 arranged to control the
period of vibration of member 63. The mir-
ror 62 may be in the form of a prism or any
desired reflecting surface. Vibrating mem-
ber 83 is maintained in vibration during the
creration ot the device by an alternating eur-
rent coil 66, actuated from a source of poten-
tial applied to terminals 67 and 68. Light
rays which fall on mirror 62 are reflected to a

second mirror 69 and as vibrating member 63

travels the light is passed alternately through
container 70 and container 71 which represent
respectively, the standard sample and the
material being tested and controlled. Light
ray passing through containers 70 and 71 fall
on mirrors 72 and 73 respectively, and are re-
flected to photo-electric cell 74 in the manner
previously  described. The terminals of
photo-electric cell 74 are connected in series

with a variable resistance 75 and a source of .

rectified current later to be described. Ome
terminal of photo-electric cell 74 is connected
to grid member 76 of three electrode tube 77
while the other terminal of photo-electric
cell 74 is connected to the filament 78 of tube
77. Filament 78 is connected in series with a
coil 79, of a transformer 81 and a variable
resistance 80 arranged to control the amount
of current and therefore the temperature of
filament 78. .
Transformer 81 is connected with its pri-

- mary terminals to 67 and 68. Coils 79 serves

as one secondary winding for transformer 81
and coil 82 serves as another secondary wind-
ing. A sample rectifier such as a vacuum tube
83 is connécted in series with the terminals
of coil 82 and serves as a'source of potential
for photo-electric cell 74 as previously de-
scribed and a source of potential to be ap-
plied between plate 84 of tube 77 and fila-
ment 78.- A variable impedance 85 is placed

in series with this circuit the terminals of

which are connected. to coil 86 around core 87
of a relay member. Coil 88 is. wound around

-core, 87.and .connected to secondary-winding

82 of transformer 81 in such a manner that

the rectified current delivered to coil 88 pro-
duces normally a magnetizing effect ap-
proximately equal and opposite to that pro-
duced by coil 86 when actuated by the ampli-
fied photo-electric current of cell 74 under
the influence of light rays traveling through
tube 70. - Obviously, proper balance under
these conditions may be obtained by the ad-
justment of the variable impedances men-
tioned including variable impedance 90 in
series with coil 88, :

It will be apparent that as long as the effect
on cell 74 by light rays traveling throu%h con-
tainer 71 is the same as the effect by light rays
traveling through container 70, that the mag-
netizing changes acting on core 87 of the
relay will remain balanced and the relay will
remain open. As soon, however, as the in-
tensity of light traveling through the two
containers 70 and 71 is different, the mag-
netizing effects of coils 88 and 86 on core 87
will vary in the manner previously outlined
and diagrammatically illustrated in Figures
3 and 4. Under these conditions the core
87 will attract core 91, closing contacts 92
and 93 and applying the potential from ter-
minals 67 anc{) 68 upon the desired automatic
control . equipment indicated. diagrammati-
cally by the rectangle 94. Automatic control
equipment 94 may be employed as previously
explained and described to open valves, close
dampers, or perform other control opera-
tions. :
~ Obviously the arrangement of equipment
shown and described in connection with Fig-

70
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65

100

ure 5, would be understood as diagrammatic

and subject to many obvious modifications
without departing from the scope of this in-
vention.

The arrangement shown in Figure 6 illus-
trates another alternate form of my inven-
tion. In Figure 6 a ray of light indicated as
100 is directed upon a reflector 101. Re-
flector 101 is supported by vibrating member
102 which is fastened at one point to support-
ing member 103. An alternating current
electro-magnet 104 is energized by terminals
105 and 106 and causes vibrating member 102
to oscillate continuously. ‘ ‘

Vibrating member 102 carries contacts 107
and 108 arranged to close circuits respectively
through windings 109 and 110 as member
102 vibrates. = o Lo

The material whose density is being con-
trolled - is illustrated diagrammatically as

. being within container 111 while a standard .

used for comparison purposesis held with--
in container 112. .= - . - .ot
‘Mirrors 113 and 114 respectively direct.the .
beam from ray 100 successively through con-:
tainers 111 and 112 as member 102 oscillates.
. Mirrors -115:and ;116 are-arranged: to re-
flect -the beam -of - light-after traveling:
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‘tric cell 117.

through containers 112 and 111 respectively,
to light sensitive cell 117. :
Light sensitive cell 117 is connected in
series with a source of current 118 and the
'%rid 119 of a three-electrode tube 120. Tube
20 is used to amplify the currents produced
in light sensitive cell 117. Obviously any
other equivalent amplifyihg means could be
employed.. Tube 120 is provided with fila-
ment 121 actuated from a source of current
122. A plate member 123 in tube 120 serves
to receive the amplified electrical impulses
which are originated in light sensitive cell
117. The circuit from plate 123 includes fila-
ment 121, a source of current 124 vibratin
member 102, and alternately contacts 10
and 108, and the respective windings 109 and
110. Windings 109 and 110 are equal in
the number of turns, but opposite in direc-
tion. Core 124 is arranged to actuate arma-
ture 126 when the magnetic effect of wind-
ings 109 and 110 is not balanced. When
armature 126 is attracted by core 125 contact
127 is closed, thus actuating automatic valve
or other control mechanism 128 by source of
current 129.. Obviously one or all of the
sources of current mentioned in this descrip-
tion' may be-combined, individual sources of
current being shown in order to clarify the

‘description of the equipment. The opera-

tion of the arrangement of equipment shown
in Figure 6 is as follows: ' ‘
Vibrating: member 102 is maintained in

synchronous vibration by magnet member 104

or any other suitable means.

As a result of the vibration of member 102
light ray 100 is successively deflected
through container 111 and container 112
béing alternately directed upon photo-elec-
hoto-electric cell 117 there-
fore aiternately permits a current to flow in
the circuit of the grid member 119. The cur-
rent flowing in grid member 119 will be pro-
portional to the intensity of the rays of light
passing through containers 111 and 112, and
if the density of the material in containers
111 and 112 is such that the light absorption
in each case is identical, the currents flow-
ing in the grid circuit 119 will be equal for
each impulse. : .

These currents will successively pass
through windings 109 and 110 under the in-
fluence of current supply member 124.

When vibrating memger 102 is at the upper
portion of its travel, contact 107 will be

closed permitting the current from plate cir-

cuit 123 to pass through coil 109. During
this same interval, a light ray of 101 is de-
flected through container 111 so that the cur-
rent flowing through coil 109 will be propor-
tional to the opaquenes of material in con-
tainer 111. . ,

:On the other hand when vibrating member
102 is at the lower portion of its stroke, con-

tact 108 will be closed, thus permitting the

18,005

current from plate member 123 to pass
through coil 110, which, however, is wound
in an opposite direction to coil 109. Durin
this interval of time, light ray 100 is deflecte
through container 112 and the ciirrent pass-
ing tﬁrough coil 110 is therefore propor-

tional to the opaqueness of material in con-

tainer 112. If the opaqueness of the mate-
rials in containers 111 and 112 is equal the

currents passing through coils 109 and 110

will be equal and opposite and core 125 will
be subjected to an alternating magnetic force
which will not lift armature 126.

Tf, however, the opaqueness of material

in containers 111 and 112 is not equal the cur-

rents which alternately pass through coils
110 and 109 wili not be equal, and there will
acordingly be a constant magnetic force on
core 125 which will lift armature 126 thus
closing contact 127 and
member 128, :

Now, therefore, if container 111 holds a
continuously changing sample of the mate-
rial whose density is to be controlled and
container 112 represents a test standard or
a comparison material, then the system de-
scribed above will operate to vary the density
of sample 111 as required to obtain a con-
stant result. The operation of member 128

in obtaining a control may cover a wide-

range of equivalents such as has been
ously described and explained.
It should be understood that in all cases

previ-

‘actuating control
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where I oppose two varying currents as for .

example in coils 36—38, 86—88, 109—110,
etc., the inertia or time lag of the equipment
normally results in retarding the motion of
the circuit closing device, so that the contacts
of the circuit closing device do not chatter
or vibrate excessively. The inertia which
accomplishes this result may be physical, that
is due to the delay in accelerating
closing device, etc., it may be
tion, or it may be of the nature of electrical
or magnetic inertia of various parts of the
equipment or circuit. The effect of the in-
ertia is in fact so difficult to eliminate that
it may be asumed to be present in nearly all
ractical devices when operating at high
equencies, ‘Of course the inertia effect
whether due to physical magnetic or electri-
cal forces will increase, with increase in the
frequency with which the electric currents
are imposed on the circuit closing device.

It will be apparent that the system de-.

scribed in this specification is intdependent
of such variables of applied potentials, de-

-terioration of light source, change in activity

of photo-electric cell, variation of amplifiers,

etc. In other words the equipment which

the circuit
ue to fric-

100
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125

I have invented gives constant results under
all practical commereial conditions and inde- . -

pendently of the usual variablés which are

normally encountered. Con :
Having now fully described my invention,
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what I claim as new and wish to secure by
{Aetters Patent in the United States, is as fol-
ows: :

1. The process of automatically maintain-
ing a constant density of material by alter-
nately passing a beam of light from a single
source through a standard and through the
material to be controlled, causing said beam
of light to produce currents varying with
the opaqueness of the materials, balancing

said currents against constant synchronized

opposing currents so arranged that a varia-
tion in the opaqueness of the material being
controlled will unbalance said currents and
thus actuate a device for correcting the den-
sity of said material being controlled.

2. A device for controlling the density of
a medium consisting of a source of light,
means for directing rays from said source
of light succesively through a standard and
sald medium being controlled, light sensitive
means actuated by said rays to produce a
current varying with the opaqueness of said
material being tested, a relay actuated by
said varying currents, a winding on said re-
lay ‘act-uate%
current and a control equipment actuated by
said relay for controlling the density of the
material being tested.

3. In a device for automatically control-

-ling materials, a dewice for successively de-

flecting a ray of light, a light sensitive relay
and a control device actuated by said light
sensitive relay.

4. In a process ofautomatically controlling
the concentration of materials in solution, the
step of passing a beam of light successively
through a sample of material to be controlled
and a standard sample, producing electrical
forces proportional to the strength of said
light rays, and balancing said electrical forces
against synchronzied opposing electrical
forces. -

5. The process of automatically control-
ling the concentration of wood pulp in water
which consists in passing a ray of light suc-

cessively through a sample of material to be’

controlled, and a standard, causing said ray
of light to actuate a light sensitive relay and
causing said relay to increase the quantity of
water mixed with said wood pulp. -

6. In the process of controlling the concen-
tration of a medium in a fluid, the step of
passing a ray of light successively through
the medium to be tested and a standard and
balancing the effect produced by said ray of
light after passing through said medium to
be tested against the effect produced after
passing through said standard. . ,

7. The process of automatically controlling

. the concentration of material in solution by

passing a light ray successively through the

solution to be tested and a standard; bal--

ancing the photoelectric effect produced in
each'case one against the other, and causing

by a synchronized opposing

the unbalanced component to operate a con-
trol device. ‘ :

8. The process of controlling the opaque
ness of a material which consists of first pass-
ing a light ray from a common source suc-
cessively through the material being con-
trolled and a standard material, second di-
recting said light rays to cause the flow of
current from a device, third balancing said
currents thus produced respectively against
a pair of synchronized opposing currents of
fixed value, and finally causing an unbalance
between said balancing currents and said
light currents, to operate a control device for
restoring uniform opaqueness.

9. The process of automatically control-
ling the opaqueness of a material by passing a
ray of light successively through said mate-
rial and a standard, causing the variation of
the light ray thus passed to actuate a control
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device for automatically maintaining con-

stant opaqueness.

10. - The process of automatically control-
ling the concentration of material in suspen-
sion in a fluid by passing a ray of light suc-
cessively through the stock to be tested and a

.standard agitated sample of stock, causing

said light ray to actuate a light sensitive relay
and causing said relay to actuate a control
device for changing the concentration of ma-
terial in suspension. ‘ T
11. The process of automatically control-
ling the concentration of pulp in suspension
in a fluid by passing a ray of light successive-
ly through said stock to be tested and a stand-
ard sample of stock, causing said light ray to
actuate a light sensitive relay, and causing

90
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said relay to actuate a control device for

changing the concentration of the material in
suspension.

12. A device for antomatically controlling
materials comprising a light source, a light
deflecting device, a light sensitive device, a
rélay device and a control mechanism actu--
ated by differences in light intensity from
said light deflecting device. .

13. A device for automatically controlling
materials consisting of a synchronized light
deflecting device, a light sensitive device, and
a control mechanism actuated by difference

-in light intensity from said synchronized

light deflecting device. S

14. A device for automatically controlling
the concentration of materials suspended in
a fluid, consisting of a light producing de-
vice, a moving light deflecting device, a light

-sensitive - relay, amplifying means, and a

mechanism actuated from said light sensitive

relay for automatically changing the concen- -

tration of said material. :
15. A process for automatically centrol-
ling the properties of a material including.

‘the steps.of passing a beam of light succes-

sively through the material and a standard,
and. utilizing the unbalanced component of
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the light rays for operating a control device
for said material. ’

16. In the process of automatically con-
trolling properties of materials by their light
transmission, the step of passing a beam of
light successively through the material to be
controlled and a standard. .

17. A process for automatically control-
ling properties of materials by their light
transmission, including the steps of passing
a beam of light successively through the ma-
terial being controlled and a standard, and
utilizing the resultant differential for con-
trolling the properties of said material.

18. In a process for controlling the prop-
erties of materials by their light transmis-
sion, the step of intermittently checking the
light transmission of the material being con-
trolled with a standard.

19. In a measuring or controlling device,
a photo-electric cell subject to variations in
its current response for light rays of a given
intensity, in combination, automatic operat-
ing means to compensate for said variations
in the current response of said cell.

- 20. In a measuring or controlling device,
a photo-electric cell subject to variations in
its current response for light rays of a given
intensity, a current responsive device con-
nected with the cell, and automatic operat-
ing means whereby said variations in the re-
sponse current of the cell will be compensat-
ed in the operation of said current responsive
device. :

.21. An apparatus for automatically con-
trolling materials by their light transmission
¢omprising a source of light, a means for sup-
plying impulse current, a combined light
ray deflecting device and current impulse
control, a light sensitive cell and a material
in the path of deflected rays, and means for
utilizing the current impulses from the cur-
rent impulse control and the cell for con-
trolling said material. - :

22. An apparatus for automatically con-
trolling materials by their light transmis-
sion comprising a source of light, a means
for supply impulse current, a light ray, a
synchronously operated light ray deflecting
device and current impulse control, a light
sensitive cell and a material in the path of

-the deflected rays, and means for utilizing

the current impulses from the current-im-

pulse control and the current impulses from

the cell for controlling the material.
23. In a measuring or controlling equip-

ment e.mfl oying a source of light, a light sen-.
9

sitive cell, and electrical devices responsive

to currents from the light sensitive cell, in .

combination, automatic operating means for
checking each measuring or controlling op-
eration of the equipment. :
24, In a measuring or controlling e(ﬂlig-
ment employing a source of light, a light
sensitive cell, and electrical devices respon-

18,005

sive to currents from the light sensitive cell, in
combination, automatic operating means for
checking each measuring or controllingopera-
tion of the equipment and/or compensating
for variables in tﬁle equipment for each meas-
uring or controlling operation thereof.

25. In combination, a light source, a light
sensitive cell, a muiltiple of light paths by
which light from said source may reach said
cell, electrical ofperated equipment responsive
to the current from said ce , and automatic
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means for intermittently subjecting said cell -
to light rays from each of said multiple of -

light paths. :

26. }in combination, a light source, a light
sensitive cell, & multiple of light paths b
which light from said source may reach sai
cell, one of said paths being adapted to limit
the light rays reaching said cell to substan-
tially constant intensity, electrically operated
equipment responsive to the current from
said cell, and automatic means for intermit-
tently subjecting said cell to light rays from
each of said multiple of light paths.

27. In a controlling or measuring device, a
light sensitive cell, means for causing the cell

to respond to rays of light of known intensity

for each resﬁonse thereof to the-light rays
being controlled or measured, and means for
balancing the resultant current responses of
said cell against each othar. -

28. In a controlling or measuring device, a
light source, a light sensitive cell, a pair of
paths by which light from said source may
reach said cell, automatic operating means
for alternately subjecting said cell to light
rays from said light paths, and electrically
operated devices connected to the cell and re-
sponsive to the currents therefrom for effect-
ing the measuring or. controlling operations
of said equipment. - '

29. In a controlling or measuring device, a
light source, a light sensitive cell, a plurality
og paths by whici light from said source may
reach said cell, automatic operating means for

subjecting said cell at different intervals to

light rays from each of said paths, and elec-
trically operated devices connected to said
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cell and responsive to the current thereof for -

effecting the controlling or measuring opera-
tions of said equipment. - .

30. In a controlling or measuring device, a

ht source, a light sensitive cell, a plurality
paths by which light from said source may
reach said cell, at least one of said paths be-
ing adapted to limit the light rays reaching
the cell to substantially constant intensity,
automatic operating means for subjecting
said cell at different intervals to light rays
from each of ‘said paths, and electrically. op-
erated devices connected to said cell and re-
sponsive to the current thereof for effecting

or measuring operations of

Ii
o

the controlling
said equipment.
81. In a controlling or measuring device, a
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light source, a light sensitive cell, a plurality
© of paths by which light from said source may
reach said cell, automatic operating means
forsubjectingsaid cell at different intervals to
light rays from each of said paths, and elec-
trically operated devices connected to said
cell and adapted for combining current im-
pulses from said cell and effecting the con-
trolling or measuring operations of said
equipment therewith. ~
32. In a measuring or controlling equip-
ment employing a source of light, and a light
sensitive cell, in combination, automatic op-
erating means for causing the light sensitive
15 cell to emitacheckingcurrentimpulse for each
measuring or controlling current impulse,
and electrically operated devices connected to
the cell and adapted to effect the measuring or
controlling operations of said equipment in
accordance with said cell current impulses.
33. In a measuring or controlling equip-
ment employing a source of light, anﬁ a light
sensitive cell, in combination, automatic op-
erating means for causing the light sensitive
25 cell to emit a checking current impulse for
each measuring or controlling current im-
pulse, and electrically operated devices con-
nected to said cell adapted to combine the cur-
rent impulses from said cell and utilize the
» combined current impulses for effecting the
measuring or controlling operations of said

equipment.
WILLIAM A. DARRAH.
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