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Bvaluation of the Universal Magnephot Densichron as a reflectome-
eter, opacimeter and color analyzing device.
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Abstract

An Evaluation of thie Universal Magnephot Densichron
as a Reflectometer, Opacimeter and Color Analyzing Device

This paper 1s a report on the evaluation of the Universsl
Magnephot Densichron, aﬁ—electronic photocell instrument developed
for the photographic industry, for use in the paper industry.
This instrument has been found to have several errors which
makep its use impractical for research work in the lsboratory,
but can be used in paper mills for control purposes. If used
for this type of work certsin precautions have to be teken as
outlined. The major portion of this paper deals with the
possibility of this instrument being used as a device for the
study and control of color in the paper industry using the
Tristimulus Method of Colorimetry. It has been found that this
instrument does not give as good a result as other instruments
that are belng used today for this type of work. Though the
Densichron can not be used in the study and analysis of color,
it could be used for mill control work with papers white, near
white and light pastels provided standardization of the in-
strument is watched and checked at certain intervals. With
refinements by the manufecturer this instrument can find a
place in the paper industry for Brightness testing, reflectance
testing and opacity testing as well as color analyzing testing
eand studye.



Introduction

In the paper industry today, there is a great need for an inexpensive,
yvet sufficisatly accurate and precisey reflection meter for mill control of
brightness. In the past, results could be obtained,but only by means that
circumvented well-established means and procedures. These circumventions
incornorated the use of improper filters, for corrections, non standard
zeometrics of illumination and of viewing specimens.

4nother need in th= paner industry is a lice instrument that can be ﬁn-

ol FE RN | W r‘{‘{l«"”
coroorated to checs tne opacity of paper during che manufacturing process,
for control purposes. 4 study of opacity in paper testing reveals that the
contrast ratio metho., TAPvI opacity #T/i125-m-L4i has long been advocated for
the mzasurement of the opacity of pezper. (1) Research in this field has
shown that tne us2 of lisht transmission for the purpose of measuring opacity
is objectionable, for ftransmittance measurements have little fundamental mean-
ing. (2) However, thaers is one slight advantsge on the use of light trans-
mission;it ie 1liritad but of importance when utilized properly. If one cor-
relatas the readings of ‘transmission to tne readings of contrast ratio for a
particular gsrads of pener in production and mekes frequent checks against a
stsndard opzcimeter for corrections or adjustment of transmission limits!a
quick and simple mesns of mill control of opacity of the paper can be estab-
lish=d using light trensmission values as an indicator. In view of these
facts, the paner industry is constantly in search of an instrument that will
fit th2 aboves needs. I'hus with the foregoing thoughts in mind, the author
interested hims=1lf in the investigation as to the possibilities and limita-
tions of the Densichron as & possible piece of apparatus for research and for

mill control work in the Paper Industry. This investigation was instigated by

the following manufactur=r's claim.
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"The Densichron", in.the'words of the manufacturer, "is a simple devi%e
to operate and its excellent design as a basic unit makes it a universal in-
strument in the hands of the photographer, engraver, coloranalyst or other
specialists® (3). The question is asked, can this piece of equipment be uti-
lized by the paper research chemist for research or by quality control in the
paper midl? A review of existing literaturé points to the possibility of this
instrument being used in both of these fields with certain limitations or cor-

rections.

General Factors Influencing Reflection and Ovacity lieters

The general factors that can cause varience in readings taken by the
Densichron and other Reflectance and/or opacity meters can be summed up in
the following catagories:

]
Determinate Errors (4) are those errors that can be controled by the operator

or observer,
1. Hrrors due to poor construction and/or calibration of the
instrument.
2. Personal errors due to éhe observer's method and exactness.
3. HZrrors of method, such as quality of sample, sampling, and

prevailing experimental conditions.

Indeterminate Errors (}) are those errors that are accidental, such as

deviations, not being controlable. The best re-
presentative value is taken as the arithmetical

mean of the different values.

B = accidental error of the arithmetical mean
€ld| = sum off all deviations regardless of sign
n. < total number of observations

Formula: 3 - % z ] dl

T
nen<
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Spectral Zrrors (L) are those errors that are constant, reoccuring for every

sample of the same brightness. Causes are listed below.

1. Operating voltaze compared to rate voltage changes with
length of service of the lamp.

2., TIilter should have the same transmittence effect on wave length;
transmission should vary keeping the magnitude of the wave
length band passed by each filter as narrow as possible, if this
is not true spectral efror will result.

3. If wave lengths greater than 700mu effect the phototube spectral
errors will result. A correction filter will over come and cor-
rect this error.

L. Any variation in wave length of the light being used that is
detected by the sensitive phototube will result in spectral
error,

Constant error (4) is corrected for by constructing a correction curve which

will give the amount to be added or subtracted from the
scale readings to give accurate relative values for apparent
reflection or opacity. This error can stem from incorrect
wave length detection of the phototube. The effective wave
length for reflection in brightness tests has been deter-
mined to be approximately 475mu, which is located approxi-~
mately in the center of the wave length spread for blue
light. A cell so designed is little effected by infra-red
light and keeps constant error to a minimum.

Geometrical errors (4) predominate to brightness and opacity meters are

listed below:
1., Failure of the instrumént to check accurate results due to in-
accurate scales, instrument calibration and changes in the

standard used.
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2. Failure of the instrument to reproduce readings taken a short
time before. This 1s due to failures in circuits, providing
the instrument has had-full time to warm-up,

3. Meter responses to movement of light past cracks and openings
in the instrument itself due to light leakage.

4. Dirt on the optical parts usually causes erratic operation.

5. Changes in temperature in locality of instrument.

The Densichron

Y IRNpY L
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The Densichron is a new photo-electric instrument, designed primarily
for-densitomef;y, having such high sensitivity that it can be readily adapted
to the measurement of reflectance. It is versatile and does not need a highly
skilled technician for operation. Though being ayvery accurate light sensi-
tive device, it embodies no cumbersome nor elaborate operating procedures.
Once having been warmed up for use and z2ero set, it does not need to be con-
stantly reset for zero position. Its sensitivity is much greater than that
of the ordinary photo electric instrument. It ranks next to that of the
?hotomultiplief Tube, (the most sensitive of all phbto electric tubes except-
ing the photo electric Geiger-Muller Tube) (5). The Densichron has a maximum
sensitivity equal to approximately 0.l microlumen wgen the meter scale is used.
Light values in the order of 5)(10"3 microlumens can bé detected by connecting
the ampli%ier output into an osscilloscope (3).

lMeasurements made with one Densichron of the flux emitted by a 0.12 W
Lamp, filament temperature about 1950K, gave threshold sensitivity values
of 4._5)(].0-9 lumen for the blue sensitive probe and 3.3xlO"9 lumen for the

red-sensitive unit. The lowest flux values measurable on the meter scale

(meter reading 4.5) were l.OlpclO-7 lumen for the blue-sensitive probe and
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0. 51:r.10”7

lumen for the red-sensitive cell unit. The sensitivity is approxi-
mately the same for each unit. The only variation is due to phototube
sensitivity (3). M

The Densichron embodies a new principle in light-measuring devices in
conjunction with an A.C. amplifier., The chief problem associated with photo
emissive cells as radiation detectors centé?s about the amplification of the
D.C. space currents which flow between the electrodes of the cell. The manu-
facturer calls this new device the lMagnephot System (patent number 2424933).
The principle of this system centers upon a new approach to the problem of
amplifying very small photg:;lectric currents. The first step in this new
;approach utilizes well known laws of physics governing the action of electrons
in magnetic fields. Basically the Magnephot System can be described as follows:
a given amouht of light strikes part of the cathode of the tube releasing a
proportionate number of electrons. This stream of electrons flows at a steady
rate ¢® the anode,p;oviding the light sourceé is constant. In order to amplify
this flow of electrons, in an A.C. type of amplifier, it is necessary that
this current flow be converted into alternating or pulsating currents. The
manufacturer accomplishes this conversion by placing the photétube in a mag-
netic field applied transversely across the path of .the photo electrons. This
field is produced by a 60 cycle, 120 volt alternating current. As the magnetic
field strength reaches a maximum, the electron flow within the phototube is
diminished proportionately umtil the point of maximum magnetic field strength
is reached at which time the electron flow from cathode to anode is brought
to a very bare minimum or cut off. When the field strength declines the el-
ectron flow is again permitted. The flow of electrons is thus inversley pro-
portional to the alternating magnetic field. This alternating current output

from the phototube permits the use of an A.C. amplifier of extremely high gain.
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Since the converted A.C. potentials have .twice the frequency of the current
in the magnetic defledting circuit, they can be easily isolated from the stray
voltages emitted from the eXCiQafion.coils. Ieakage currents found in other
types of phototubes are not effected by the magnetic field ‘and therefore are
not subjected to modulation. This method affords complete separation of the
actual photo currents from all leakage currents in the input circuit without
the use of A.C. light sources or light chopping mechanism (6). This permits
a high amplification of photo current variation where the accuracy is only
limited by thermal agitation with the circuits incorporated. The use of the
A.C., amplifier avoids instabilities usually found in D;C. amplifiers, for ex-
ample, changes in tube characteristics, such as cathode emission, and even
changes in ambient temperature. Another disadvantage corrected by the use

of A.C. amplifiers is that of high voltages with the ensuing high voltage 2;’
power packs necessary. This allows the use of the Densichron throughout

the mill for it is easily carried around from place to place.

Phyvsical Descrintion of the Densichron

vy :
The Universal Magdgphot Densichron apparatus consists of the following
units::

No. 2150 :Densichron

No. 2150D Transmission Unit

No. 2150A - Reflection Unit

No. 2150B,C,or V Probe -Housing Unit

Piece No¢ 1842 Small Spot Refection Light Source
Piece No. 1847 Gray Scale Holder
Piece No. 1782 Cone »
Accessories are also furnished for the calibration of the Densichron,
they are:
Piece No. 1859 Zighth Standard Gray Scales Chips with

Calibration Chart
Piece No. Photographic Step-tablet
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Other accessories furnished by the manufacturer that are necessary for
laboratory and mill work include:
No. 2150K Small Spot Reflection Tube
No. 21501 Voltage Regulator Transformer
No. 2150G Voltage Regulator Transformer for unstable power lines
Piece No. 1813 Linear Scale MNeter
Other accessories may be obtained from the manufacturer to fit special
needs. These include a Scale Expander for enlargening scale readings, an
Auxiliary Meter which has a larger scale than that furnished with the stan-
dérd equipment, and color standards with basic colorimetric specifications
in terms of ICI standard observer and coordinate system. .
Specifications and full details regarding the use of recorders with thg
Densichron can be obtained by consulting the Engineering Department of the

W. M. VWelch lManufacturing Company manufacturers of the Densichron.

The Densichron Unit contains a five stage tuning aﬂd amplification cir-
cuit. This circuit has been tuned at the factory and is not to be adjusted
except by factory trained men. However, old tubes may be replaced by the
~operator. If the Densichron fails to operate correctly after new tubes have
been inserted it is recommended by the manufaéturer that the unit be returned
to the factory for adjustment. Instructions for the replacement of the tubes
can be found in the literature furnished by the manufacturer.

The Densichron also houses a D'Arsonval type (0-1) milliameter laid off
in logarithmic increments. This meter is used in deﬂsitometric evaluations
because the photo current ds translated directly into density values within
the instrument itself., Its values are read as the log of the reciprocal of
the current D= logyg 1/i4 j_ack located in the back of the Densichron is
provided as a source of signals for the operation of the linear scale meter

\

‘v .
in transmission evaluation and in reflsction study. This auxiladry meter is
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also of the D'Arsonval movement type of meter. It is calibrated in the top
portion in percent transmission. Optical density is plotted against percent
transmission on the lower portion of the scale. The Controls for the ampli-
fication and the volume are located 6n the front of the Densichron and are
marked "RARNGE" and "VOLUME" respectively. The range switch divides the total
amplification into four steps, o, 1, 2 and 3, which are the logarithms of 1,
10, 100, and 1000. The Volume control has a gain factor of approximately 10.
This control is used for meter settings required in most operations. In the
back of the Densichron is located the adjustmeny resistor for setting the
meter to minimum deflection when putting the Densichron into opération.

The Densichron Transmission Unit, together with the No. 2150 Densichron,

is a complete transmission Densitometer. The measurement of transmission\
densities with this unit reéds ASA diffuse transmission density accordihg

to the ASA standard 238.2.5-1946 on the Densichron meter scale (3). This

unit houses a constant voltage transformer, a focusing mechanism for focus-

ing the lamp on various aperture sizes, a lamp rheostat, and three filters
“that can be changed from the.ouﬁside of the housing. It also has, at the

rear of the housing, an outlet for 6.3 volts with which to operate the No.21504
reflection head for the Densichron. An extension arm with a clamp bracket
which is used for holding the Probe Housing Unit No. 21508, C, or V, is at-
tached to the transmission unit.

The Probe Housing Unit is made of aluminum, anodized: blue to indicate

a blue S-l phototube, red for the S-1 red sensitive phototube and black de-
notes the ultra-violet sensitive phototube.

The No. 2150A Reflection Unit consists of an aluminum casting contain-

ing a light source, Filter wheel, and a coupling tube. This unit is not

provided with a power source. Power may be obtained from the No. 2150D



-9~

transmission unit or a No. 2150M voltage regulator. The filters supplied
with this unit are the Wratten i, B, 16, and 384. These filtérs can be
easily removed and replaced. Thig unit used in conjunction with unit No.2150
Dansichron, unit No. élSOD transmission unit (for power), unit No. 2150B, C,
or V Probe housing unit, Piece No. 1782 Cone, and Piece No. 1842 Small Spot
Reflection Light Source is used for the studing of reflection density.

The Densichron is relatively inexpensive, yet very sensitive and precise
as well as stable in its response. For these reasons the Densichron was
picked by investigators as being suitable for study under the APPA program
(5). This Program is part of the Instrumentation Studies series- conducted
by the APPA and Qublished in the lMagazine Tappi from time to time. These
reports are published by the Institute of Paper Chemistry to its members and

are classified as Instrumentation Reports. .

The Densichron as a Reflection Meter in the Evaluation of Panper.

The Densichron instrument was primarily constructed for use in the
Photographic Industry as a unit to be used in the study of:bhotographic densi-
tometry. fn this field its application has been found to be of merit. How-
ever, recent stﬁdies made by the Paper Institute have found that its applica-
tion as an instruﬁent.for the evaluation of paper in research work is very
limited and that in the field of mill control the results will only be rela-
five. Refinemsnt of the instrument may lead to its use in this field in the
future.

A study of this instrument by tus Paper’Institube has shown that this
instrument has a linearity error in its response. Though this error is of

no importance to the purpose for which the instrument was devised, it is

large enough to make its use in the paper industry impractical. 1'ith special
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refinements, correction apparatus and correlation tables the Densichron can
be used for the relative measurement of reflectance. The manufacturer of
this piece of equipment is working to improve the response and do away with
this linearity error.

The Paper Inétitute has found that the instrum=sntal response of the ef;
fective wave length, using a ﬁrattéﬂ 149 filter, is not the proper value for
brightness determination. However, this can be corrected through the porpure
use of a suitable corrective filter, With this correction and with the in-
corporation of corrections for nonlinearity, proper values for brightness can
be obtained. This procedure is not recommended for mill application as it
is impractical. With these corrective measures utilized the Densichron éor-
rectly indicates the variability of brightness of paper, with a standard de-

viation essentially the same as that calculated from data on standard bright-
ness (5).
ya

Preferred Methods for Checking Linearity and Other Deviations (5)

Checking the linearity of the Densichron incorporates the use of the

General flectric Reflection Meter that is in calibration with the master
meter at the Paper Institute. General Instructions follow:
1. This method is based on the use of the variable sector photomster
of the GERM*.
2. The Dansichron Probe is'fixed in the position of the "active® 7
PJ-22 phototube of the GERM.
3. A 9/32 inch black paper aperture is fitted on the probe of the
Densichron.
L. The exit aperture of the GERM is covered with a flashed glass,

flashed side placed next to the bottom side of exit aperture.

This gives a better difusion.

* GERM, General Zlectric Reflection lister



-11-

5« The sample aperture of the GHEAlM is covered with a block of freshly
prepared MgCOB.

6. A steady illumination is furnished by operating a lamp with a suit-
able voltage regulator.

7. The photometer dial of the GZRII is set at 100. The Deﬂéichron is
set at 100 divisions on the linear meter (full scale).

8. By changing the dial of the GERI! the meter of the Densichron should
read the same if linear.

9. The light intensity was varied by means of screens and apertures in
the incident light beam of the GERM to obtain ten different response
settings.

10. Ten readings are taken from each range of the Densichron and for

each dial setting; 2, L4, 6, 8, and 10.

The readings obtained by the above methods were found to be badly non-
linear (relative to the lewvel of accuracy required in colorimetric work and
in brightness determination), for the Densichron. These errors varied from .
10 peréent at the center of the range to 20 percent at the 1 lower levels

of the GERM dial setting range.

Checking the deviation of linearity due to aperture sizes is tested by the

following methods (5):

l. The standard screen transmission was calculated and tested at 42.5%.

2. An Institute of Paper Chemistry Transparency meter was used for
a steady nearly parallel beam of light.

3. ?he beam was directed into an integratiﬁg cube\through\a circular
port.

4. The probe of the Densichron was placed on the port of the cube at
right angles to the beam of light and at right angles to a Western

Blocking Layer Photocell (type 3, color code yellow, red).
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5. The Western Photocell was calibrated as being linear and the re-
sults of the tests were compared using the readings of the Densi-
chron in comparison to the standard readings of the izston Photocell.

This test showed that there was a definite deviation due to changes in

the size of the aperture and also to deviations‘due.to response settings: of
the instrument. The results of this test were reproducible. Another Densi-
chron was incorporated in this test and the results were similar but numeri-
cally different in behavior.

Other Deviations were encountered while the Densichron was under study

among thzse were those accentuated by fluctuations in the line frequency by
faculty assembly by the manufacturer, and deviations caused by the use of the -
phototube S-4 in the Densichron.

Deviations due to line frequency fluctuations are corrected by changing
certain ccmponents in the electronic circuits of the Densichron, if it is
found that response-frequency curve maximum for the Densichron under consid-
eration is not within the 60 to 60.1 cycles per second wave length band.

The Densichron should be operated on lines of accurately controlled frequency,
with particular regard to the absence of sudden changes in frequency (1).
Deviations that are brought into being by assembly are hard to find and are
very seldom encountered. Check over the apparatus carefully for any apparent
mistakes in assembly. If it is reasoned that something is wrong it is best

to consult the manufacturer before one tries to remedy the cause. Deviations
caused by the use of the Phototube S-4 have to be corrected for by use of a
correction filter which can only be made after the amount of spectral response
difference there exists between it and the Phototube PJ-22 used in the General
#lectric Reflection Meter. This is accomplished by using the same arrangem=nt

as was used in checking thelinearity of the Densichron. The effective wave
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length was determined by the regular APPA method (7), and TAPPI Standards
T 452m-48 and T 217m-48. The Densichron was used as a null detector thus
eliminating errors of nonlinearity. DNull methods are charactzrized by the

fact that ‘the two photocurfents due to the light from the sample and the
(W

standard are equal. Null) Balance methods provide compensation for any
fluctuations of intensity of the light source (8). The Institute has found
that though line voltage changes to the lamp will change the wave length
these ‘changes may or may not effect the wave length in such a manner as to
correct or compensate for the linearity error of the Densichron. The Best
method is to make a liquid filter using an aqueous solution of Auramine and
Cobalt Sulphate. This Filter is adjusted by trial and error.

The manufacturer has found that some causes of linearity deviation'could
be helped throuéh certain'changes in the electronic circuit. Replacing Capa-
citor 012’ and replacemant of the 63SN7 tubss will sometimes help. Also it has
been found that changing the leads to the magnet will sometimes aid correction
of deviation. This changes the phase of the magnetic field and any induced

electrical currents by 180 degrees.

The Densichron as an Opacity Ieter in the Zvaluation of Paper

Recent work with Densichron in the field of opacity evaluatioh of papér
points to the use of the Densichron as a transmission indicator and not as
an opacity meter. A recent study was made by the APPA for th2ir Instrumenta-
tion Program evaluating the Densichron for opacity study indicates that this
instrument can be used with certain limitations by the paper industry for
mill control work but not for research projects.

For accurate opacity mesasurements the instrument employed has to have a

spectral response to the blue portion of the spectrum approximately the same

[y
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as that in the Bausch and Lomb opacimeter. Uﬁfortunately the sgpectral res-
ponse of the Densichron studied was relatively too gréat in the blue portion
of the spectrum to be most effective in the measurement of opacity. Cor-
rection of the effective wave length would help but in itself this change
would not solve all the problems one faces in using this instrument in this
field of work.

Studies made using the Densichron as a piece of apparatus for mill control
of opacity centers around its being used as an indicator of transmission of
light. A comparison of the results of opacity readings, determined with a
standardized Bausch and Lomb opacimeter utilizing the contrast ratio method
prescribed by TAPPI, with those reading of transmission taken of thé same
samples by the Densichron it was found that a correlation did exist. This cor-
relation, however, only hoids true for tests made on one specific type of paper.
In plotting the results of many tests it was found that correlations were not
the same thus showing there could be no general correlation that would cover
all types of paper. Furthermore, there was no assurance that a general cor-
relation taken today would be accurate after a passage of a number of days,
even though the paper did not change in any way.

In accordance with TAPPI Standard T 425m-44 the investigators, which
studied the Densichron as an instrument for evaluation of opacity, found that
this instrumsnt is not, in its present state of development, ready for use
in the industry. For this reason consumers and manufacturers of papers are
urged not to incorporate in commercial specifications opacity limits in terms

of transmission 1/T (1).

Conclusions on the Densichron as an Instrument for the Evaluation of Paper

-~ As a Reflectance Meter the Densichron may be used to measure paper-
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maker's brightness if the following precautions are taken:

1. The specific calibration method is employed and used for
corrections in readings obtained.

2, If }(suitable filters are used to correct the spectral error,
these: filters should correct the effective wave length to
L57mu.

3. Have fixed optimum aperture size.

L. Set the instrumental response controls at fixed, optimum
vales.

5. Make sure that the line frequency is steady at 60 cycles per
second and that line voltage is fairly constant.

6. Make comparative checks from time to time of readings taken
from the Densichron with those taken by the GERLI using the

same sample under the same conditions.

It is hoped that the manufacturer will make the necessary improvements
needed for correcting the linearity error and the spectral error found in the
Densichron at the present time. Its low cost, great sensitivity and versa-
tility of application are of prime importance for application in the papér

industry (5).

As an Opacity leter the Densichron may be used to measure opacity of

paper by interpretation of the measuremsnt of transmission 1/T.
1. If it is used with frequently checked correlations with the
Baitich and Lomb opacimeter.
2. If the Dznsichron is corrected for an efféctive wave length
near the vicinity of 560mu.
3+ Providing the same precautions aré taken in regards to the

frequency, controls and voltage as mentioned before when
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the values of the D=2nsichron as a reflection meter were

discussed.

Summary

The Densichron may be the answer to the paper industry for an inexpen-
sive instrument for use in the mill for mill control, and to the research
paper chemist for research studies if the manufacturer can correct the
faults now prevalent to the Densichron. However, regardless of these
present disadvantages the Densichron can be used to a limited extent for
mill control., Its advantages,.as to speed in obtaining readings and its
lack of lenses and other optical mrts causing the price to rise, the

D=nsichron has certain advantages over other gear used in the industry.

The End
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Addendum

The literature survey has: shown the possibilities of the Densichron
as an instrument for testing the opacity.of paper and for the measurement
of reflectance and brightness of paper. With these evaluations of the

(l

Densichron already made ‘the author decided to turn his attention to an-

other field in evaluating the Densichron. This field of endeavor was in

Colorimetry.

Could the Densichron be used, in its present state, for analyzing
the_color of paper? It has been mentioned before (Page 2) that this in-
strument could be used by fhe coloranalyst. It has also been stated in
this paper (Pages 8 and 9) that the Densichron alse contains a filter‘
system with Wrathen filters.A. B, 16 and 38A. With all these facts con-
sidered, it was decided fhat the research’prbblem be‘directed towards
color analyzing making use of the Photoelectric Tristimulus Colorimetry
method incorporating three filters. This new research problem, it was
felt by the author, offered a better challenge and was more ﬁractical

than just trying to substantiate work already performed by others.

Photoelectric Tristimulus Colorimetry is a methed—of’color analyz-
ing using three source-filter-photocell combinetiees“of such spectral
character that they duplicate the standard I_CfI obServef for COlorimetryv,
(9). This is in reality the use of an artificial eye for color measure-
ment. Its distinguishing feature is the'epproximate.spectrai equivalence
of the current source-filter-photocell coﬁbinations of the apparatus and
the tristimulus Speéifications ofwthe spectrum which cheracterize thev

color vision of the average normal observer (9).
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Many instruments are on the market today that can be used for
"Tridstimulus -Colorimetry" or for "Photoelectfic Colorimetry". Among
these are notably the G.E. Reflection lMeter, the Photo-Volt, and the

Hunter Universal Reflection Meter.

Recent fesearch in the field of photoeléctric tristimulus colori-
metry carried on by R. S. Hunter, J. A. Van den Akker; A. C. Hardy and
others along With.studies made by the Institute of Paper Chémistry has
shown that the above mentioned instrumentsrgive good results in color
analyzing using the tristimulus method. However, it shquld be kept in "
mind that the meésuréments of each instrument may differ to some degree.
These variations may be minimized by use‘of correction tables, filters
and by incorporating_differént light‘ébu:ces. The results of_such cor-
rective measures should be computed iﬁto trichromatic coefficients using

known standards as the test samples.

A

These values thus computed should’be correlated with the tfichromatic‘
coefficients obtained from the Speétrophotpmetric reédings of the same
standard samples. If such correlations do not vary more than .032%,.the
corrective apparatus can be incorporatéd for all practigal purposes. ‘Por-;
ceiain enameled standards are usuaily 6Btﬂinable from the manufacturer for
tristimulus work, however, if such»staﬁdards'do not exist prbvisiqns such
as.éetting up new standards or using known standards of similar aﬁparatus

will have to be made.

EVery'Photoelectrié tristimulus method is subject to error because of

the spectral inaccuracyiinherent'in the4sour¢e-filter-photocell combinations

* computed from (xy) diagram, figure 2, U.S.Department of Commerce,
Bureau of Standards, Circular C-429, "Photoelectric Tristimulus
Colorimetry". ; : :
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(9).. For this reason when using any photoelectric tristimulus method
for color matching it is best to set up standards as close as poséible
spectrally, to the samples being measured, A procedure for-this opera=-

tion can be found in Circular C-429 put out by the U.S. Department of
\ .

\
Al

" Commerce, National Bureau of Standards entitled "Photoelectric Tristimu-

lus Coiorimatry With Three Filters®.

Thé authorfs probiem does not concern color matching of sampies to
known standardé. It deals with the‘evaluqtion of the Densichron in com-
pariéon with two other photoelectric defices which are known to be spect-
rally responsivevto color analysis by the method being discussed. There;
fore, the author has made numerous measurements bn manj color samples on

the following equipment in order to compare the computed results.

The conclusions derived from these measurements will be stated later

in this paper.

. Photoelectric instruments used:
Hunter Multi-purpose Reflectometer
Photovgit,Reflectignqmeter
Univer;aiimagnephotﬂbensichron

G. E. Recording Spectrophotometer

- The first two instruments were chosen because of their accessibility
_in our laboratory as the checking or standard instruments with which to
check the operation of the Densichron. The G. E. Spectrophotameter was

incorporated into the project as being the absolute standard for all three
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instrument measurements.

With thesg two standafds and thé’absolute standard as reference
points the author intends to find out if;the Densichron’canvbe used as
it is today as a tristimulus coloiimetric devicé. ThisAis based'upon
the fo;lcwing stafement by Dr. P. J. Bouma: ;ﬁihe seme law applies to
color measurementS as to brightness measurements, i.e., & method is cor-
rect when its results'correspond with values arising from the standard-

ized equipment." (10).
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Laboratory Work

~ Although there are hundreds of articles written upon the»field of
tristimulus colorimetry, the author has read.Sevéral comprehensive 1it4
érary reviews covering the subjéct; Due to the change of interest and
thekchal%enge'of a new approach at such a late date, the author read re-
views of work performed by others and consuitéd a few original papers
fér ﬁis background material. With the knowledge garged from reviewing'

material available the author set up the following program.

Step I.f‘Familiarization with the operation of the Densichron,
Hunter Multipurpose Refléétometer and the Photovolt
Rpflection Meter.

II. Take tristimulus readings with each instrument thus
setting up‘a procedure to be followed when taking
actual test measurements.

I1I. Obtaihing color samples with which to make the test
measurement. |

IV. Selecting and determining the numbér of test samples‘to
use and the number of measurements to be taken for cor-
rect interpretation of the results.

V. Obfaining Spectrophotometric-gréphsvéhd computations
of same into tristiﬁulus X & y.values fof each color
sample. »

VI. Computations of the A, G, & B valﬁes obtained from the
photoelectric instruments into tristimulus values of

X&y.
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VII. Graphical anaiysis of the x & y values.
VIII. Summary.

IX. Conclusions

In order to be able to take the necessary measurements in as short
a time as possible, S0 that conditions would Be the same for all tests,
the author had to be familiar Witﬁ each of.the three instruments used in
~this problem. Several days were spent in testing samples on each of the
three instruments, the Hunter, the Photo-volt, aﬁd Densichron. These
test samples were obtained in the paper laboratory of Western Michigan
College. From these test runs knowledge was gained as to the best pro-
cedure to use, the size of sample to’be used, the number of tests te take
per sample and the types and color of the samples to use for reliable and
valid results. Previous work done by other researchers has shownvthat re-
sults‘of.measurements taken on dark colors were subject to many errors not
found in the lighter hues.- Previous research by others has also shown
that results are also dependent upon the type of finish present on the
sample (11). The work carried on in this project has substantiated these

previous findings.

With this in mind the author‘selected for this project twelve colors
(semples of which are includedjin this paper) ranging from whites through

pastel shades into medium hues of blue, yellowland red.

These colors werefselected from many samples submitted by the Hawbhorne

Paper Company located in Kalamazoo.



Sample
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Sample

Sample §
Sampie §

Sample ¢

Shmyle 9

Sample lo

Semple [
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It was then decided by the author to take ten meaéurements of each
7:sample éelected and obtain the mean for a representative figure for the
semple. These ten samples of each colé;vwere taken from ten different
sample sheets chosen from stock available. These ten semples were cut
into L} x 4 inch sheets and‘were then made into a pad thus making back-
ing material unnecessary. The sample was then tested in the exact center

with the felt side being the test side.

With the type of sampling and the types and color paper chosen the
author proceded fo take the measurements necessary for the evaluation of
the Universal Magnephot Densichron. Ten readings'were taken on.each
sample using a green, then blue and then an amber filter with each of the
three photoelectric source-filter-photocell devices available in the lab-
oratory. Thié meant fhat 1080 measurements were used for computations

leading to conclusions to be discussed later.

As a further check point the author,:ﬁhrdugh:the courtesy of the
Hammermill Bond Paper Gompahy and Hercules Powder Company, obtained
spectrophotometric graphs and computations of these graphs into x & y

tristimulus functions of all the .colors being used for this project.

There are several methods of computing the measurements taken with

“ the amber, green and blue filters. (These readings will be hereafter re--
ferréd to as A, G, and B). TheJautho: elected to usé fﬁe_method which con-
verts the A, G,‘énd B valué$,into the 66ordinat9d X, ¥ & f of thefI;C»I
sfandard‘system for his computing and evaluating work. This methodAis fast

and gives reliable results with minimum error (9). The formulas used for

\
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computatiops are listed below.
| ,‘ X = 0.80A + 0.18B
Y = 1.006
Z2 = 1.188B
These equations have been checked and established by Richard S.
Hunter to be suitably accurate for many pﬁrposes (9). The.Y value
gives directly the approximate value for the luminous apparent reflect-
ance. This value, as can be seen above, is given directly from the

green filter measurement.

To indicate chromaticity in the I C I system, the trilinear cordina-

tes of a color are computed as follows: |
| xS X/ X+Y+2)
vVE Y/ (X+Y+Z) |

The x and y coordinates can then be plotted onan ICI (x,y) -dlagram,
see figure (1). Table 1, shows the mean values of all the measurements L
taken while Table 2 shows the computed values (the x & y coordlnates) of
all three instrumenta; readings. Figure 2, shows the plotting of all the
x and ¥ coordinates. The point x = 0,3101 and y = 0.3168 represents a
'frespi&jprepared?ﬁagnesium-oxide surface. From therreiationship of the
(x-j);beints fof each test instrument on each-eolor being tested the re-
sults of the author's problem rested. If the Densichron's trilinear co-
ﬁgfdinates placed within tolerable limits to the points of the trilinear
1eeordinates for the checking and standard_instéséestséthe worth of the

Densichron could be established.
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TABLE 1. The mean values for the twelve samples as measured

’ using. the Amber, Green, and Blue filters on the Hun- ' 7
. ter Multipurpose Refection Meter, the Photovolt Re-

Tlection lieter and the Wniversal lagnephot Densichron.

Green

89.28
8301{-6
8l.42
7234
8Le51
- 55497
29.72
30.50
52.77
58,56
60.87
66.1L

86.95
81.25

72.30
8l.15
57465
33.55
32.05
56.35
61.80
- 60.80
66.90

90.80
8L.15
76.80
7355
82.11{-
- L5430
37.25

16.65

61.85
68,00
49.55
56495

~ Amber

90.66

85.28

87.11

71.38
89.96

71.16

22,81

L6.17

L6.58

52.07

72.81
7751

8725

81,,00

83,55
71.60
86.70
72.20

23.95
50.20 .

4L8.15
54.90
73.00
77.65

89.75

84495
85.60

74460

- 88.60

6L4.15
27.70
3495
oL+ 50
57.20
6740
67.85

Blug

82,47

76.30
57.97
60.99
41.01

13.27
50.85

20.21

Lk .87

67.07
32.16
62.17

80.35

- 75.20

57.80

- 60.25

L1.55
13.70
51.75

46.85
67.85
32.60

61.14—0

8L.85
80.35
60,20

64450

L5450

16.15
52.95
21.10
L8425
70.05

34,05 -

6340

Hunter

Photovolt

Densichron
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TABLE 2. The computed (x ,y) coprdinates derivéd from the mean
, values for the twelve samples as measured, using the
filter systems of the Hunter Multlpurpose Reflectometer, -
- the Photovolt Reflection Meter and the Unlversal Magnephot

Densichron. \
Sample X y Sample X ¥
lc 0319 0326 lo 0317 0326
2" 0321 ‘ 0327 20 .322 . 032&,
- 3 « 349 e 354 r o o343 351 i
Lo «321 «340 Lo --e325 «336
5. «373 .398 5. 2370 . .379
6. 454 427 , 6. . oA1h L4LO
Te 234 . 254 7. 231 272
8., . 427 « 321 8. . . «438 «320
9. « 300 « 349 . 9. . +296 « 349
10, L. #2281 «306 ‘ 10. . #2840 " W312
11, 367 o417 11. , «393 ¢ 372
. Hunber . . ’ Photovolt
- Sample X ' y Sample x A
1. «313 '« 327 1. «3160 .3236
2. ) 0315 0322 ’ 2. 03185 , 03258
3e «352 .338 3 3445 03530
Le . 323 «333 Lo «3190  «3398
T .368 «382 5 « 3661 .3968
6. . o457 .382 6. 4473 L4283
Te 241 « 281 v T © .2365 2546
8. 433 « 227 8. . 4290 «3213
9. «305 .361 9. .2956 « 3498
10, «279 « 325 10. 2814 . 3066
11. 403 331 11. . 3909 «3726

Densichron ' ‘Spectrophotometer
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Graphica; Analysis
N \ | \ | |
Since no references could be obtained in the conduction of the new
literary review concerning the correct procedure'for anéi&?ing the IC1I
(x, y)-diagram, the following procedures were devised by the author.
Measurements were taken on an established I C I (x, y)-diagram (9) which
showed the tolérable limitskallowéd in‘compéring the Hunter Reflectometer
K4

with the G.E. Spectrophotometer in color matching. See footnote page _ .

This value of limitation was approximated to be .032 units.

On ICI (x, y) -diagréms prepared from fhe computations made on all
the measurements taken in the laboratory the author plotted in the (x,y)
coordinates obtained by the G.E. Spectﬁbbﬁotometer. »With'the spectro-
photometric (x,y) coordinatés‘as_the hub, circles having a radius of .032
units were made for each sample. i

If‘the other (x,y) coordinateﬁpoints for each samble, as derived
from the measurements taken by the‘other instruments under test, feil
within this circle those measurements could be taken as being valid éﬁd
reliable and the instrument can b; used for Tristimulus Colorimetry. Ir
the computed points for any instrument fail to come within the circle.
‘less than 80 percég¥jbf the tige that instrument wqp;d not be usable for
Tristimulus Coloriﬁééf&. This type. of gfaphical analysis was made on the

measurements taken with the instruments under test.

Anothéftmethod of analysis was devised by the author to further sub- ‘
stantiate his conclusions. The basis for this type of analysis rests

upon the knowledge that both the Photovolt Reflection Meter and the Multi-
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purpose Reflectometer can be used for Tristimulus Colorimetry.

Again, with the (x,y) coordinates for tbe G.E. Spectrophotometer
as the center point, circles were drawn iﬁ such a way as to include
both of the (x,y) coordinates for the Photovolt and the Hunter Reflecto-
meter. If the Densichron's (x,y) coordipgté point falls within the
circle for the same sample it would be Qé;;ed withig limits. Graphs of
these two methods of analysis aré found‘in this papé;, Figurés 3 and 4

reépectively.

From these graphs conclusions were drawn and shall be found at the

end of this paper.
Summary

The Densichron can be used in the paper industry to a limited extent.
Its best use would be in the field of mill control work for the taking
of reflection measurements and for brightnesb testing if certain precau-

tions are taken as outlined earlier in this paper.

This instrument is not readily adaptable to taking opacity measure-
ments at the present time, however methods and procedures can be devised

for mill céﬁt;ol purpoées.

In the field of Tristimulus Colorimetry the Densichron falls short
of expectations. As will be seen-in the conclusions the Densichron gives
usaﬁle results in white and near white colormatching. It is possible

that if could also be used for pastels and deeper shades if color stan-
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dards are used that are near to the color being ‘tested. More research
has to be done along this line. waever,,thé fact still exists that the
Densichron has cerfain faults that have to be removed in ofder for it to
take its place as an instrugent for the testing of péper in any of the .
fields»covered‘by this paper. It is true that these erroré may be circum-
vented but this in itself makes the Densichron of loWer'falue than ofher

similar instruments being used today in the industry.
Conclusions

Definite conclusions as to the worth of the Densichron in the
fields of-Reflectance and Opacity”may be found elsewhere in this paper, .
therefore the present section will be ‘devoted to conclusions drawn

- from laboratory work.

From a study of the analyzing graphs incorporated as part of this

report the following conclusions_may be stated:

l. The Densichron may be used for Tristimulus Colorimetry
if the samples'being tested ére white §r near white in
hue and chroma.

2. xTﬁé‘Densichéén may be used.forbTristimulus Colorimetry
fo; mill control purposes if the precautions stated
earlier (under conclusions as a Reflection meter) are

adhered to. '

"3, Tristimulus values A, G and B can be taken very quickly



=32=

without disturbing thé‘sample due-to the engineering 6f
the filter wheel in the Reflection Head. This is a #ery
good advantage over the Phofbvolt Reflection metér.'

The cbmputed reédings of the Densichron follow the same
trend as do other instrﬁmehta}h@easurements5 That is,
clusters found in white or near white région of the ICI
(x;y)-diagram'spread out as the sample colors become
darker in hue. This was taken into account when these
conclusions were taken ffsm the~graphs.

No conclusions were reached as to the reproducibility of
one Densichron's measureménts with thbée §f,another buf
it is believea that thé same fault wouldvbe present here
as it is ﬁhen using the Densichron as a Réfléction meter,.

i.e., the results would not be the same.
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