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1

The object of this invention is a. sensitometric
device or, more specifically, a device which plots
automatically the density of points on a.photo-
graphic reproduction as a function of the den-
sity of the correspondmg points of an original
object.

A preferred embodiment of this invention is
illustrated. in - the- accompanymg drawings in
which

Fig. 1 is a. diagrammatic elevational view: of

the device also indicating the circuit in'a. more.

or: less: schematic form;

Fig. 2 is a horizontal cross-sectional view. along

the plane of line:2—2 in Fig. 1;
Fig. 3 is a detailed dlagram of the electrical
circuit;

Fig. 4 is a mask forming part of a modifying’

circuit by which cértain:. photocell currents are
rendered. proportional to photographic densities;
and

Fig. 5 is a schematlc view of a modlﬁcatlon

of an illuminating device suitable for opaque test

specimens.

Like characters of reference denote 51m11ar-

parts throughout the several wews and the fol-
lowing specification.

Principle

An original object and a photographic re-
production made therefrom are scanned simul-
taneously by -synchronized pencils of light in
such a way that corresponding points of original

and reproduction always receive illumination at’

the same time:. Part of the light reflected or
transmitted,” depending upon whether one deals
with opaque or transparent specimens; is' made
to impinge upon two photoelectric cells.

these currents are Iimpressed upon the hori«

zontal and vertical deflecting means;, respec~

tively, of a cathode ray tube. The curve ap-
pearing upon the -screen- of that cathode ray
tube represents then -directly the density  of

each point of the reproduction as a function of’

the density of the- corresponding points of the
original. . This eurve is substantially identical
with: the so-called H-D' curve of the photo-
graphic material, differing from that curve only
by a constant subtractlve factor.

Representation of electrical circuits

In the interest of simplicity; Voltagé sources’

have in the following been represented by bat-

By
means of suitable modifying circuits the photo-
cell eurrents are rendered proportional to photo-
graphic densities, and voliages corresponding to’
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teries, but it will be understood that in reality
these batteries can be readily replaced in the:
conventional manner by transformers, recti-
fiers, and condensers. Linear sweep circuits or
saw tooth 'wave voltage generators are also”
shown only in block form since their detailed:
construction is well known-and forms no part
of this invention. Supply circuits for the vari-
ous filaments for the cathode ray tubes have:
been omitted. These filaments are, in reality,
either fed from small batteries or from filament®
transformers. All cifcuits used in this device
are extremely sensitive to small voltage fiuctu-
ations and, therefore, automatic voltage regii-
lators or stabilizers must be used in order to
render all voltages independent of small changes:
of the line voltage. In the interest of clarity, .
these stabilizers have not been shown ln the"
diagram of Fig. 3. ’

.S.tructure p—
In its preferred embodiment the device com=’

_prises a cabinet-like housing 28, Fig. 3, on top

of which is mounted a smaller housing 2{ con-
taining the two illuminating devices, two . con-
tainers 22’ and 22"’ for.the two photo-electric:
cells, and two light collecting elements 23’ and
28’* which connect the illuminating devices with'
the photocell housings. A slot 28 is provided-
which permits the insertion of both the original
and the photographic reproduction. It is pref-.
erable to add mechanical adjusting means by
which the reproduction and the original can be
shifted relative to each other until the two
scanning beams of the illuminating device will
strike corresponding points at all times. These.
adjusting means . should preferably comprise
means to shift either the original or the repro-
duction in two directions ‘which are at right an-’
gles to each other and should also permit a
certain amount of rotation. Mechanical ad-
justing means of this nature are well known and
can be found, for example, on microscope stages
and machine tools. Since the exact designm of
these adjusting means has no bearing upon the;
object of this invention, these mechanical means
have not been shown. -

The cabinet 20’ serves not only as a base for
the illuminating means and the photoelectric
cells, but also gs a housing within which the
component parts of the various circuits can be
mounted. The most important component part
is a cathode ray. tube 25 which. is so mounted
that its screen is visible through & correspond-:
ing aperture .in .the front wall of the cabinef.
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20. It is on this screen that later the curve
appears which represents the function of the re-
production versus the original density.

The other component parts contained in the
cabinet 28 are shown schematically since their
exact position in this cabinet is unimportant.
These component parts can be conveniently
classified as the supply circuits 26 for the il-
luminating means, the supply circuits 27 for the
photoelectric cells, and modifying circuits 28
connecting the two.
scribed in detail in a later paragraph. :

Original object and photographic reproduction

Both the original object and the reproduction
made therefrom may be either opaque or trans-
parent. For the investigation of negative ma-
terials, a transparent original is to be preferred
since only in this manner can a sufficiently wide
range of densities be provided, and the photo-
graphic reproduction made upon negative ma-
terial is, of course, itself transparent.. The re-
production may be made from the original in this
case by a contact print or the original may be
photographed with a camera upon the negative
material to be investigated. In the latter case,
the original, of course, has to be placed in front
of a suitable source of light, i.e., illuminated from
behind. An opaque original can be used if the

contrast range to be investigated need.not be.

very large and, if the material to be investigated
is photographic positive material such as bromide
paper, the reproduction will also be opaque. . De-
pending upon whether transparent or opague

reproductions or originals are-used, different op-
tical systems for fhe illuminating means must.

be provided, as will be explained later. The orig-
inal object may conveniently be a wedge or a
wedge print, but this is not really necessary, and
any other object will be satisfactory provided
it contains the desired range. of densities.

IMluminating and. scanning means. .

The object and its reproduction are respec-
tively illuminated by synchronously moving pen=
cils of light. The light may be provided by any.
convenient source such as incandescent or car-:

bon arc lamps and, likewise, scanning means of
any convenient design are applicable such as, for

example, rotating discs with suitable apertures on
their periphery, or rotating or otherwise moving

mirrors or lenses. In practice I prefer, however,
to.use cathode ray tubes because in this manner
all mechanically moving parts are avoided and
because the light output of a cathode ray tube
can be most conveniently regulated by changing
the -voltage impressed upon  a control. grid.
Therefore, illuminating and scanning means
comprising two cathode ray tubes have been
shown in the drawings, and will be described in
the following paragraph.

Since the illuminating and scanning means
used for the original and reproduction, respec-
tively, are substantially identical, corresponding
parts will be dencted by the same :figures to
which, in the case of the original, ’ , and in the
case of the reproduction, ’/ has been affixed. - The
same practice has been followed in the two fol-
lowing paragraphs describing the two photocells
and their supply circuits and the two modifying
circuits connected therewith, respectively.

Referring to Figs. 1 and 2, the two cathode ray
tubes used as illuminating means are 30’ and
30’’. Their component clements are shown in

These circuits will be de-~
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-inal and reproduction are transparencies.

4
more defail in the diagram in Fig. 3 and com-
prise filaments 31’ and 31’’, indirectly heated
cathodes 32’, 32", control grids 33’, 33", two
focusing elements 34’, 34’’, 35/, 35’’ and two pairs
of deflection plates 36’, 36’ and 37/, 37"’. In
front of the tubes are mounted in the usual man-
ner light emitting fluorescent screens 38’ and 38"’.
The: origial. 40" and the:reproduction 40’’ are
mounted in front of their respective tubes, it be-
ing assumed for the time being that both orig-
The
modification necessary to accommodate opaque
specimens will be described later.

The supply circuit for these two tubes is con-

“ventional, comprising batteries 41’ and 41”’, con-

nected, respectively, to potentiometers 42’ and
42’’. These potentiometers have various taps
connected to the elements of the cathode ray

" tubes in the usual manner as shown in Fig. 3.

For the purposes of this invention, only one
set of deflection plates is really needed, and the
second set has merely been shown because it is
contemplated to use commercially available tubes
which are always equipped with two sets. There-
fore, the two pairs 36’ and 36’’ are connected to
the ground or are in any other way rendered
ineffective. The remaining plates 37’ and 37"’
are connected to a common sweep circuit 43. Due
to this connection, the luminous spots upon the
screens 38’ and 38’/ are-driven synchronously by
this common sweep circuit 43. The deflection
plates 31" and 37"’ are connected to additional
biasing means which comprise batteries 46", 46’
and potentiometers 41, 47’’. The purpose of this

. arrangement is to make it possible for the op-

erator to adjust the startmg point of the sweep
circuit,

The control grlds 33’ and 33’’ assume a certain:
negative potential relative to their respective
cathode 32’ and 32’’. This negative bias con-:

to the extreme left end of the potentiometer, i.-e.,
to the voltage between points 44’ or 45’ and 44"
and 45’’ and a variable part which is derived from
the photoelectric cell through a modifying cir-
cuit which will be discussed in detail later.

Photoelectric cells and supply circuits

The two photoelectric cells 50’ and 50’’ may
be of any desired type known in the art, but in
practice I prefer the so-called photoelectric mul-
tiplier-since additional amplifiers are usually un-
necessary with . this type of tube. Referring to

55 Fig. 3, these cells comprise glass vessels 51’ and

51’" within which the photo sensitive cathodes
52’ and 52’ and -nine-additional -electrodes 53’
and 53"’ are mounted. These elements are con-
nected to respective points.of the potentiometers
54’, 54’’ upon which a voltage is. impressed by
batteries 55’, 55’/ or. equivalent sources of volt-
age. The cathodes 52’, 52’ are connected to the
most negative points at the extreme right of the
potentiometers, and the last electrodes are con-
nected to the extreme left point of their respec-
tive potentiometer so that they receive the most
bositive pofential. The wire connecting the left
end of each potentiometer to the last electrode
is interrupted and two resistors 60, 69’’, 617, 61’’
are inserted in this circuit. Durmg operation,
voltages, depending upon the resistance values of
these resistors and upon the current circulating
in the last loop of the photoelectric multiplier
circuit, are built up. across these resistors.

The distance of the two photocells from their

" respective transparencies and from the respec-
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tive screens: of the ‘cathode:ray:tubes: must:be
sufficiently. large:so that-all: points:of:said trans=
parency have: substantially: the: same " dlsta.nce
from said-cell;

The light.reaching the photoelectric:cells from
the:screen of the.cathode ray:tubes:can:be'mags=
nified by placing suitably shaped light. collécting:
elements- between. screen..and photocell: . These:
light collecting elements may, for example,: be.
truncated cones or pyramids with an:inner re-
flecting surface, or they may: be solid‘bodies: made
from glass or transparent plastic: in:which:case:
the light would be directed: toward the photocell
by total reflection along the boundaries.:

Modifying circuit-—general principle-

The currents passing photocells 517, 51’ are
proportional fo the light infensities passing the
specimens.40’ and 40’’; i. e., the reproduction and.
the original, respectively. Since it is desired: to.
compare densities rather thian light.infensities;
means. must be provided to produce.currents or:
corresponding voltages which are proportional to
the .densities to be measured. This is the pur-
pose of the modifying. circuits. Therefore, the:
modifying. circuits may comprise. suitable net-
works which. have g non-linear response in such.
4 way. that the photocell currents fed:into. them
are.proportional to the intensity.of the imping-
ing.light and that. the currents or voltages de-
livered. by. these modifying circuits.are propor-
tional to.the corresponding dénsities. .- Méany net-.
worKks with non-linear. response. are Known,.com-
prising . non-linear resistors, vacuum . tubes. or

similar elements,. but regardless. of the detailed

designs, such an arrangement. would suffér from.
the. very serious disadvantage that. the. photocell
currents themselves would have to” be.propors
tional to the lightintensities and, if one.measures

densities up.-to 3, the.light intensities and there--

with the photocell currents will vary, in-the pro-
portion of 1:1000. It.is very.inconvenient if not
impossible. to: design- circuits. which. will.. satls-
factorily cover such an. exceedingly, wide rahge..

I prefer, therefore, .to. solve the -problem-in the
following manner: The intensity of.the light.im-
pinging. any. given point. of the.two specimens 40"
and 40’ is modulated in.accordance. to.the trans--
mitted light. intensity.. This is- done by the
photocell.current. itself and a.voltage.which:is a

function of said. photocell. current-is impressed.

upon.the grid. of the cathode.ray tube. changing:
its: light outout. In.this manner, the fluctuations
of.. the light impinging upon. the. photoelectric
cells 51’ and 51’ are reduced; and.it:is even. pos-
sible to. modulate the light intensities.in.such, a
manner that the resulting. photoeell currents are
now. directly proportional to.density-values.... The,
modifying. circuit. which accomplishes this-func~
tion is deseribed. in.the next paragraph..

- Modifying circuits=—mathematical basis~

The photocell output currents or; more specifis:
cally,” the voltages: impressed: upon:-resistances
60’ 69’’ "are fed into  two: modifying: circuits:’
The output voltages of these-circuits: are-then
impressed. upon:the. grids.of the respective:cath-:

ode: ray’ tubes: and:-used. there:to modulate:the:

brightness of the:luminous:- spot: ‘formed:on-the:
sereen. It is, therefore; clear:that:the:modifying
circuits must- deliver: output: voltages .which: are

definite - mathematical- functions -of their:input:

Quzjr.ents or. voltages:: This-mathematical:fune-
tion will.be-derived in:the.following- paragraphi;
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.The:current: passing the: cathode ray-tube:cax:
be expressed:within cerfain limits by the:formula:
I=—Imax—ae - (1)

I is the current passing the cathode ray tube at:
any given instance, and Imax.is the maximum: pers

missible cathode ray tube current. This value-
may be-determined either. as the maximum:cur-

rent that.the screen of the:tube will withstand:
without.deterioration, or it:may be the maximum:
value for which the linear relationship between:
cathode. ray tube current and grid bias still. holds:
true; or it may be determined by any other:cons=:

venient consideration. - 'Both I and Imax are-con-

e is:the:
additional negative voltage impressed upon the

control grids 33’ and 33’’ which is added to the

voltage impressed upon these grids by the left end

of potentiometers 42’ and 42’".- In other words;
the left ends of potentiometers 42, 42"’ impose a
certain constant minimum negative voltage upon-
the grids at all times and the voltage e which:i§
the output voltage of the modifying circuits will

be added thereto. e is expressed in volts. aisa

constant which depends upon the characteristics

of the individual cathode ray tube and which has

o dimension.

pd:
volts

The light intensity:on screens 38’, 38*’ i. e., be-
fore.the light has passed the reproduction or.the
original object, is again within reasonable:limits:
directly proportional to  the cathode: ray: tube:
currentor- ‘

L,=bl 2)
L: is expressed in foot candles, or any corre-
sponding metric dimension, and b is a constant
again depending-upon:the. characteristic of the
cathode ray tube, measured in

foot ca,ndles

The light: 1ntens1ty after the light has passed

the transparency, isexpressed by

Lg=I1-10-D (€))

where: D is the density of the reproductionior’
original at the point which, at any:given-dis<
tance, is illuminated by the luminous spot-of’ the
cathiode ray tube.

The light intensity in the plane of the photo:

5, sensitive cathode of the photoelectric cells 54, 51"

is proportional to-Le but, of coutrse, considerably-
smaller, depending upen: the distance -between’
the two tubes: - o
: L3=dLs @)y
disa dlwlensmnless constant.
The . photocell current is again: within wide:
limits proportional to-the light. lmpmglng upon:
the. photoelectl ic ceil or :

i=f.L3 (5)?_

where f is a constant denoting the light sensitivity
of the photoelectric. cell in.
wA.

foot candles g

Ishall nowimpose the condition thatithe modi-

fying circuit:shallldeliver:e as a-function of i;1..e;;

output: voltage: ase function of input current, in

such:a way-that differences-af . photoeell: currents: -




2,528,977

7

shall>become = diréctly . proportional ~to - density '

differences of-the specimen to be measured,or: - -

i1—ia=h(D2—D1) 6)

h is-+& proportionality: factor which has the di~

mension : of a: current and which is: explessed in
nA

- Dr and Dz are the photographlc densrtles of two
points of the specimen, and 41 and iz are the cor-
responding photocell currents; i. e, the currents
which-are; measured when the luminous spot of

the cdathode ray tube is placed, respectively, behind

the-two points with the two densities D1 and Da.
.-Baquations 1, 2,-3, 4 and 5 can be combmed and
solved f01 D with the following result: -
D= LOG [bdf Tmox— ae)] )
For D_D1 there is, of course, i=ir and e— e and
11kew1se for D=D; there is i=iz and e=es. By
substltutmv these values, I arrive at the follow-
1ng expressmn for D2—Da: .

ST Dz——D1=LOG (@)
R o

~10G (71"’“._“1), - (8)
21 4 R

D2—D; can also be computed from Equation 6:
L D= Di=" (9)

In the two Eduations 8 and 9, ez becomes ZET0,
and i> becomes imin fOI‘ Dz—Amax, where Amax is the
highest density within the measuring range of the
device Amex usually need not exceed the value 3.

Tmiid

Am,—Dl—LOG<I‘“‘> LOG(I“‘“ ""‘) (8a)

Zm)n .

o 1
D=7

These two equations can be comhined and solved
for e1 with the following result:

“Amar - 90)

_a
e fmee| (010
a _iwin
" min-10

This: is. the: mathematical function according to

which the: medifying circuits have to work, i. e.;

when the spot of a cathode ray tube passes a point

with the density Di, a photocell current 71 will be

generated which, by the modifying circuit, will be

changed into a voltage e1 which is then impressed,

in addition to a constant negative bias, upon the
control grid of the cathode ray tube.

The value imn which appears in Formula- 10 is
the minimum current which will pass the photo-
cell when the density of a point illuminated by
the cathode ray tube spot becomes Amax, which
is' the maximum density which the device shall
be capable of measuring and which rarely, if ever,
needs to exceed the value of 3.
puted from Formulae 1 to 5 by substituting Amex
for D and by making a zero, i. e.,

’me"'bdflmux O—Amax }
Modifying circuit—preferred design

The design of the modifying circuit itself is
basically of no importance and any circuit which

will modify an input current into an cutput volt-

age according to Formula 10 will be satisfactory.
Circuits of this type are frequently networks
-using at least one non-linear resistance or imped-

(10):

imin can be com-
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ance element such as one of the $0 called semix
conductors or a device using a saturated iron:core:
or one’'of the various types:of vacuum tubes. -A:
preferred modifying circuit, however, which is.in.
many Trespect superior to these networks,:has
been disclosed in my co=pending application Serial
No. 791,439 now Patent No. 2,474,380 and will‘be
descrlbed as.a preferred example in the follow-
ing:. : i
A mod1fy1ng c1rcu1t built accordmgly cons1sts of:
three: principal parts, cathode ray tubes 707, 1977,

stationary masks Ti*, T1* and photoelectric cells
12°,-12!7,. 1t is emphasized that the cathode ray
tubes 70°,~10" and the.phcotoelectric-cells 727, 12"’

-are in no way identical with elements 387, 30’" and

5{’, 51'’ which have been déscribed above.- They
are entirely independent therefrom and perform
entirely different functions..

The broad principle of the modlfymg circuit is
that in someé suitable manner a luminous line
is formed on the screen of the second cathode
ray tubes 70°, 70" that the incoming signal, which
in this case is the current passing the first photo-
cells 517, 51’ is used to deflect this line in a
d1rect10n at right angles to itself and that there-
by, part of the light emitted by this line is cut
off by the statlonary masks placed in front of
the luminous screen of tubes 79’, 70’’. The light
permitted to pass these masks is then made to
impinge upon the second photoelectric cells. 127,
72’7 forming part of the modifying circuit, but.
not upon tubes §1’, 51’’.,. The current passing
these second photoelectrrc cells 12/, 72’' or, more
precisely, the corresponding voltage impressed
upon a resrstor of suitable magnitude, is then
supplied as add1t1onal blas to the contiol grrds_
33’, 33" of . the orlglnal cathode ray tubes 307,
307 wh1ch scan the- speclmen in the manner
descr1bed . .

These cncults are Shown in detail as the r1ght
half of Fig, 3. 'The cathode ray tubes 10°, 70’”
contain filaments 14’, 74’’, cathodes 715, 1877
heated thereoy, control grids 16, 16’7, two’ focus-
ing members 11’, 11" and 187, 18” including sec~
ond control gr1ds two pairs of deﬂectmn plates.
19’; 19’ and 80, 80" and a screen capable of
hght em1ttance S

A lummous hne can'be formed upon this, screen
by any desu'ed means, for example, by giving the_
focusing elements 17, 11" and 187, 18’/ a proper
conﬁguratlon I prefer however, to use a con-
ventional cathode ray. tube Wthh forms ‘'a
luminous spot upon the screen which is trans-
formed into a line by means of sweeps circuits
81’, 8 I" operatlvely connected to the deﬂectlonl
plates’ 80/, ‘80’’. 'This sweep circuit is a saw
tooth wave generator of the customary type
which has’a 'high frequency compared to the
frequency of the 51gnal impressed upon the other
pair of deﬂectlon plates It can be seen that the
other set of 'deflection ‘plates 79’, 18" is oper-
atively connected . to resistance elements 60’, 60’
upon which a voltage proportional to the current
passing the:first photocells 51’, 51’ is impressed.
Both-sets of ‘deflection  plates 79’, 79’ and 80’;
807" :are-biased ‘by ‘batteries 82’, 82’/ and 83", 83’
which-are ‘éontiected,” ‘réspectively; to potenti-
onieters 84’; 84’ arid 85’,"85’’. By means of this

‘arrangement; the- starting: points of  the: two

sweep-circuits: connected to- deﬂectlon plates 79’1
19'and 80", 80" can-be:adjusted.”

-'The rest of: the supply circuit for the second
cathode’ ray tubeis conventmnal "It consists of
batteriés 867, 86" and ‘potentiometers 81’, 8$7°7,
thevarious: pomts of ‘which ‘are’ conrected to thez
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iéleménts within the:eathode ray tubes in'such
-g-way-that the :control-grids 16°, 16"’ asstithe g
“fixed :negative -potential Wwith ~respect “to “the
‘cathodes 15’, 15’/ but That- 17", 11" have a posi-
“tive potential with respect to-T6’, 15"",718’, 18"
:a positive potential:with respect to 11/, 117, anid
‘the screen “finally a positive :potential with re-
‘spect'to18’, 18",

In front.of the screen, a,nd preferably -immedi-
ately adjacent thereto are asks 117, ¥17* which
are again shown in Fig. 4. Egch mask has.an
@aperture which 'directly represents ‘the mathe-
‘matical function:expressed in Forinula 10. The
‘mask -is a thin ‘plate ‘made “of -opague- material
such as black paper and sheet metal,-‘dand ‘its
wertical ‘width varies as ‘o function -of ‘the hori-
zontal distance from a ‘point -of reference 90:in
.accordance with Formula 10. "For convenience,
the lower borderline of this-aperture is ‘made-a
straight line, ‘but this is' not necessary and both
‘the "upber ‘and ‘lower borders may be ‘ctirved:as
long as the vertical -width of the aperture is the
-desired ‘function:6f the hotizontal ‘distance from
the point of reference780. It can be -seen that
only that part of the:light emitted by the lumi-
nous line 91 which is behind said aperture can
pass and that the cther parts which are shown
indotted lines above ‘and below this portion-are
blocked off. The light impinging upon the sec-
ond photoelectric cells 127, 1277 is, therefore, pro-
portional to the length -of that portion of line §i
which appears behind the aperture or is-a'direct
function of the Shape of said aperture, in other
words, - varies in accordance with ' Formula 10,
provided the aperture is fabricated correctly. -

'The respective distances ‘between photoelectric
cells “12’, 712’7  and -cathode ray 'tubes 710°, T10°’
must, of course, be large -enough so 'that all
points of the luminous’line have substantially
the same distance from the photo sensitive cath-
ode of the photoelectric -cells 727, T2’’. These
cells may again be of any desired design and
I have -again shown photoelectric mulitiplier
tubes because then complicated amplifiers can
be avoided. Each cell again has photo sensitive
cathodes 100, 100’’, and nine additional elee-
trodes 101’, 101’’. The supply circuit comprises
batteries 102”, 102", and potentiometers (03,
103’’, the various points of which are in the
usual manner connected, respectively to elements
1007, 10607 and 101", 101’’. The wire between
the.extreme left point of-each potentiometer 103,
103’ ‘and the last electrode is again interrupted
to ‘receive resistance elements 104, 104’’. 'The
voltage impressed upon these resistance elements
by the-current passing it represents directly the
value e1'used in Formula 10. - e1 is then by means
of two wires 105, 105"’ and 106’, 106’’ fed back
into the grid control of the first cathode ray tubes
30°, 30", i. e, voltage e: is added to the constant
negative bias which control grids 33’, 33’ have
with respect to cathodes 32/, 32", :

If the Tuminous line upon the screen of cathode
ray tubes T10’, 10’ is formed in the preferred
manner by'a voltage of high frequency impressed
by saw tooth wave generators 81', 81’" upon de-
flection plates 80, 80’", means must be provided
to keep the output current or ‘voltage of -the
photoelectric cells 12, 12’’ from being modulated
accordingly. This can be done simply by -con-
necting condensers 107’, 107", shown in dotted
lines, of suitable magnitude across points 108’,
108’7 and 109’, 109’’, or & more complete filter
formed in the usual manner of a network of
capacitances -and inductances ‘can be connected
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o points -108”7, :108’%> and 1097, «109*’. A filter
‘pfiithis type has:- ot been shown in detailssince
‘its::design s “Well khown ‘and forms no ‘part:of
‘this finvention. - “If, however, the Tuminous. libe
-upohrsereen of tubes 102,707 is formed by other
‘means, for £xample, by the proper conﬁguratmn
of the “focusihg elements 11’, 11’’ and 187, 18"%,
tHis filter means can ‘be dispensed ‘with. ‘
. "Recording cathode ray tibe

If “the™ light -output -of the cathode ‘ray stube
which illuminates and scans the original and
reproduction, respectivély, gre modulated by the
‘putput voltage of:the modifying “circuit in the
rrannerdesciibedsin the previous paragraph, dif-
‘ferences of photocell currents are rendered-di-
irectly wroportional to differences of densities o,
according to Equationi6 .

i1—ia==h (D2—D1)

Of ultimate interest however, are not density:dif-
ferences  but rabsolute "values of densities, sand
these-are-obtained ‘from -a network which-com=
prises resistors:61’, 61’ carrying the photocell
clirreht "of 'cells *51%,-51’’ :and which is in series
with pdtentiometers <H't%, 141"’ each of “which,
inturn;receives a voltage from-batteries or-dther
source-of voltage 110’, 1 118”’. The connection 6f
thesebatteries must beso'chosen that the polarity
of ‘potentiometer 41’ :is opposed to thatiof the
vesistors 617,61’ :or, in other words, the voltage
between “the sliding “contacts 112’, ‘112’7 :of "bhe
potentiometers: and points 1137, 113’7 is the.dif
ference of the respective voltagesimpressed upon
A4, o1k’ and '61’,61*’. "The function of this
network can'be explained as follows:

Assuming - that the resistance of 61,61’ s R,
and that the ‘voltages corresponding to Phto-
cell currents i,z ‘are Wi-ahd Ep, Equation 6 cdn
be transformed to read:

E1—Ea=hR(D1—D3)
For Di1==0,E1 will become Emax, s0°we have
Emax—E2=-}hRDs

This-means that if I impress -a voltage -equal:to
Emax ‘between points-4112°, 112’ and 1i4’, - 4"’
which: isropposed-to the voltage impressed: upon
6t’;, 6177, that then the voltage between points
1437, 113’ and 112’, 112’ is directly proportional
to the density D2 :of -that: point ‘which -at -any
given distance is .illuminated by -the scanning
beam of the cathode ray tiubes'307,°80"’.

-If -one has transparent test specimensssuchas
presupposed up to .this time, the adjustment ot
the sliding. contacts 1127, 12" -of potentiometers
{147,111’ 7is particularlyedasy because all.one has
to-dois to remove the ‘test specimens 407, 40"
altogethier-so that one has zero density, and then
adjustisliding-contacts 12, 112" until the volt-
age between points 1137, 163" and 442’, 142"
becomes: zero. - -

“With:an-opaque test specimen this adjustment
isa Iittle:more: diffictlt because ‘even o completely
unexposed "White  pieee: of ‘paper 'is not “of Zero
density because it reflécts:less than 100% of the
incident light. However, this reflectivity can’be
meastured by other well ’khown imeans, and’ the
devicé:ican then be adj usted accordingly’ making.
proper-allowahnce for the fart that the magimum
reflection ‘thay “be, Tor ‘€xample, of ‘the general'
order of 90%. ) :

Contacts 1127, 112" - are connected -by ‘Wires
115’, 115" to the ‘deflection plates 1207, 120"";:and-
£217 121" of ‘therecording ‘cathode ray:tiibe 122
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This cathode ray tube is of conventional design
containing, in the usual manner, a glass vessel, &
filament, a cathode, focusing members, control
grid, and a luminous screen. These elements are
connected in the usual manner to taps of a poten-
tiometer 123 fed by a battery 124. Biasing means
.are provided for the deflection plates comprising
batteries 125 and 126 and potentiometers 127 and
128 by means of which the zero points of the
vertical and horizontal movements of the lumi-
nous spot upon the tube screen can be adjusted.

" Operation

The functlon of .the device will be obvious
from the foregoing description. The test speci-
mens of 40’ 40"’ are scanned and illuminated
by the moving luminous spot appearing upon
the screens of cathode ray tubes 30°, 30”’. Light
transmitted by these test specimens impinges, re-
spectively, upon photoelectric cells 51°, 51’’, The
current passing these photocells as a result of the
incident light, is modified by the modifying cir-
cuit which in a preferred embodiment of this
invention,- comprises second cathode ray tubes
10°,.70"", and second photoelectric cells 727, 72"’.
Between the two last named elements, there are
masks T{’, 71’’, and due to the coaction of the
three last named parts, i. e., cathode ray tubes
10’, 10”’, photoelectric tubes 12’, 12’ and masks
Ti’, and 11",
output resistors 104’, 104’’ which, when fed back
into the control grids 33’, 33’’ of the two original
cathode ray tubes 30’, 30°’, modulates their light
output in such a way that differences of the
currents passing the photocells 51’, 51’’ are ren-
dered directly proportional to density differences
of the test specimens 40°, 40’’. ‘The networks
comprising resistors 61’, 61’ and potentiometers
f11’, 111’’ convert these differences into voltages
which are proportional to:absolute density values.
These voltages proportional to absolute density
values are then impressed simultaneously upon
the horizontal and. vertical deflection plates 120,
120", respectively, of the recording cathode ray
tube 122. As a result of this arrangement there
appears upon the screen of this last named cath-
ode ray tube a luminous curve which is schemati-
cally shown in Fig. 1 and-which directly repre-
sents the density Dr of points of the reproduction
as.a function of the densities Do of the corre-
spondmg points of the original.

Opaque test specimens

. It was pre-supposed up to this point that the
test specimens, i. e., the original as well as the
reproduction were transparencies. This will be
true whenever the properties of films and plates
suitable for photographic negatives are investi-
gated. However, the investigation of opaque ma-
terials, such as bromide paper, is equally im-
portant, and in this case, I have to modify the
arrangement slightly in order to. adapt it to
opaque specimens which will have to be tested
with reflected rather than with transmitted light.
Such an arrangement is schematically shown in
Fig. 5. A lens 130 is placed at a suitable distance
in front of the luminescent sereen of the cathode
ray tube 30’ and projects an image of the lumi-
nescenht spot appearing on the screen of said tube
upon the opaque specimen 40’ which may be
either the original or the reproduction obtained
therefrom. Opposite the test specimen 41 at a
suitable distance is a photoelectric cell 51’ which
is adapted to accept part of the light diffusely
reflected by 40°. Since unavoidable light losses

a voltage is impressed upon the -
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-are incurréd by the projection and reflection,: it
‘may be desirable to i1se more than one photoelec-

tric cell and a second one has been indicated in
Fig. 5 in dotted lines, It is important that the

‘photoelectric cells be positioned 'in such a way
“that they intercept only diffusely reflected light

and not a specularly reflected beam which, in
the case of glossy photographic paper, may be of
appreciable intensity. This, of course, would
falsify the results completely.

It is advisable to place a shield 131 between

the cathode ray tube 30’ and the lens {30 which

prevents light from the Iuminous screen of the
cathode ray tube to reach the photoelectric cells
directly.

Instead of the simple lens 130 which has been
shown more or less schematically, it is, of course,
possible to use more complex optical systems.
A particularly efficient system has been developed
lately which follows the so-called Schmitt camera
and which consists of a light collecting reflector
and an aspherical correction plate. Since a sys-
tem of this type forms no part of the inven-
tion, it has not been shown.

Modifications

It has already been pointed out that many com-
ponent parts of this invention can be changed
freely. This has particularly been mentioned
with regard to the modifying circuit, but other
changes of this nature will occur readily to any-
body skilled in the art without departing from
the principles or sacrificing any of the ad-
vantages of the invention as defined in the ap-
pended claims. For example, while all cathode
ray tubes have consistently been shown equipped
with electrostatic deflection plates, it is also pos-
sible to use electromagnetic deflection means. -

What I claim as new is:

1. A device for plotting the density of points
of a photographic reproduction as a function of
the density of the corresponding points of an
original object, comprising means to illuminate
said reproduction and said original, respectively,
by two moving pencils of light, including means
to synchronize the movements of said pencils of
light whereby corresponding points of reproduc-
tion and original are always illuminated simul-
taneously, two photoelectric cells including elec-
tric circuits operatively connected therewith, and
including means causing said cells to receive light
coming from said two pencils and modified by
the respective densities of said reproduction and
said original, means to render the output voltages
of said photocell circuits proportional to the re-
spective densities of said reproduction and said
original, a cathode ray tube.including means to
form a beam of electrons, first means to deflect
said beam of electrons in one direction, second
means to deflect said beam in a direction perpen-
dicular to said first named direction, means to
accelerate said electrons, and a screen capable ofv
light emittance when struck by electrons, and
means to actuate said two deflecting means, re-
spectively, by the output voltages of said two
photocell circuits, said means to illuminate said
reproduction and said original, respectively, com-
prising two cathode.ray -tubes, each including
means to form a beam, of electrons, means,:in-:
cluding a grid, to control the number of said elec-
trons, means to deflect said beam - of electrons,
means to accelerate said:electrons, and a screen
capable of light emittance when struck by elec-
trons, and said means to-render the output volt-
ages -of said ‘photocell -currents proportional to.
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the respective densitiss of the reproduction and
of the original, comprising two modifying cir-
cuits, each fed by the respective current of one
of said photoceils, and delivering an output volt~
age substantially according to the formula

i
_ 2.107F®
where

¢ is the output voltage of one of said circuits,

i is the corresponding photocell current, and

A, B and C are constants,

and means to impress the two output voltages,
respectively, upon the two grids of said cathode
ray tubes, whereby the brightness of the two Iu-
minous points on the two respective screens is
automatically modulated in accordance with the
respective densities of the two corresponding
points of reproduction and original which are
illuminated at any given instance.

2. A device for plotting the density of points
of a photographic reproduction as a function of
the density of the corresponding points of an
original object, comprising means to illuminate
said reproduction and said original, respectively,
by two moving pencils of light, including means
to synchronize the movements of said pencils of
light whereby corresponding points of reproduc-
tion and original are always illuminated simulta-
neously, two photoelectric cells including electric
circuits operatively connected therewith, and in-
cluding means causing said cells to receive light
coming from said two pencils and modified by the
respective densities of said reproduction and said
original, means to render the output voltages of
said photocell circuits proportional to the respec-
tive densities of said reproduction and said orig-
inal, a cathode ray tube including means to form
a beam of electrons, first means to deflect said
beam of electrpns in one direction, second means
to deflect said beam in a direction perpendicular
to said first named direction, means to accelerate
said electrons, and a screen capable of light emit-
tance when struck by electrons, and means to
actuate said two deflecting means, respectively,
by the output voltages of said two photocell
circuits, said means to illuminate said reproduc-
tion and said original, respectively, comprising

two cathode ray tubes, each including means to ;

form a beam of electrons, means, including a
grid, to control the number of said electrons,
means to deflect said beam of electrons, means
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to accelerate said electrons, and a screen capa-
ble of light emittance when struck by electrons,
and said means to render the output voltages of
said phofocell currents proportional to the re-
spective densities of the reproduction and of the
original, comprising two modifying circuits, each
fed by the respective current of one of said photo-
cells, and each comprising a cathode ray tube,
independent of the cathode ray tubes named be-

* fore, and with a screen capable of light emittance,

a supply circuit for said independent cathode ray
tube, including means to excite a straight line on
said screen to light emittance, means to deflect
said line substantially at right angles to itself in-
accordance with the current passing the photo-
cell connected to this modifying circuit, an aper-
tured mask made from opaque material placed
in front of the screen of said cathode ray tube,
the width of said aperture in a direction sub-
stantially parallel to said light emitting line vary-
ing substantially according to the formula

X10°E
—pl1-%10
Y-D(l 7 )

Y is-the width of said aperture,

X the distance frecm a point of reference, in a
direction at right angles to said light emitting
line, and D, E and F are constants,

a photoelectric. cell, independent of the cells
named before, placed in front of said mask and
connected to a supply circuit, and a resistor
adapted to be passed by the current passing said
independent photocell, the voltage thereby im-
pressed upon said resistor being used to bias the
control grid of one of the first named cathode
ray tubes which are used as illuminating means.
ALFRED SIMMON.
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