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INTHODUCTION

The need has been felt for several years in the
Department of Physics at Kichigen State College for a
microdensitometer for spectrographic¢ work. It was the
purpose of this problem to study the basie photographic,
optical, and mechanleal principles involved in the const-
ruction and operation of a microdensitometer. From the
knowledge thus obtained, a working model of such an in-
strunent was designed, constructed, and applied to a
speclifioc problem.

The specific problem to which the completed apparatus
was applied was a measurement of the intensity distributlon
in the rotational structure of the 0=-0 band of Copper
Hydride. Employrent of this measured intensity distri-
butlion has ylelded information as to the temperature at-
tained in a copper arc operated in an atmosphere of hy-

drogen.



THE L:ASUREZENT OF SPLCTRAL LINE IGTEISITIES
BY PHOTOGRAPELIC LEAND

The protle:i of measurling spectral line intensitles is
coirplicated by the fact thot only small amounts of energy
are avellable, neasuresents mnust be made over wlde wave-
length ranges, and that the spacial dimensions of the spec-
tral lines are relatively small. Lecause these difficul-
ties are most easlly overcome by the photographic method,
that method has gained the widest acceptance for use in

such mezsurementsa.

The basis for the measurement of the intensities of
spéctral lines by the photographis process is the charac-
teristic or callibration curve of a photographic emulsion,
Such a ecurve for spectrographlc purposes must be an inten-
s8ity curve obtained from the measurement of the densitles
resulting from & standard serlies ¢f intensitles of the
same wavelength as of the spectral line to be measured.
Therefore, the method of construction of the calibration
curve must take into account reciprocity law failure (which
includes the intermittency effect) and the spectral re-
sponse of the emulsion.() However, it should be noted
that while a calibration curve should be constructed for
each wavelength used, 1t 1s found in practice that there
are long wavelength ranges over which the calibration re-

mains constant.



After the calidbration curve has been odbtained, the
intensities of the spectral lines may be measured by a
comparison of their densities with the standard deusitles

by meang of a microdensitometer.

One further difficulty of the photographle method 1s
the protlen of making bacikground or fog inteaslity correc-
tionse. The ethod used in this prohlem is to subtract
backzround lntensities as found from the calibratiosfurve.
A tcst of the background iantensity equation Igs Ip - I i3

1l1lustrated in Fig. 1 and “late I.

Flg. 1. - Background Correction Test

The total intensity (ip) results from the superposition of
a contlnuous background intensity (IB) upon part of the in-
tenslty calibration scale (I1). Ip and Ip are found from
the callbration curve and their difterencen compared with
the calibration iantensities. The results, as shown in
the "Dezree of Correction” graph, indleate that such a
correction method 1s applicable to the present problenm.-

The deslgn and construction of a rotating sector
wheel for 1ntensity callbratlions and of E microdensitoreter
for spectrographic deneity measurements will now be con=-

sldered.,
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The revolving sector wheel was chosen as the means of
callbration becsuse an astigratice gratling sovectrograph vwas

uged in this problemn.

While a sector wheel usually gives a tlme scale, the
Justification for 1ts use in the production of an lntensity
scale 18 that the speed of revolution of the wheel can be
made high enough to give flashes above the minimum critlcal
frequency of intermittency,() The flash frequency 1in this

case was s=pproximately 30 per second.

The form of the sector wheel was that of an aluminum
disk having 15 open ares cut in a ratio of the square root
of 2 from 1 to 128. Cee Fige. 2 and 3. For coanvenlence
of use the wheel was mounted horlzontally under a slot 1in
the top of 2 two compartment light tight box. One com-
partment contained the sector wheel and its driving motor.
The other contained the lizht source and transformers.

Lizht from the source passes through a diffusing medium,
filter holder, and adjustable dlaphragm in the wall be-
tween the two compartments. A mirror under the sector
wheel reflecte the light up through the open ercs and mask-
ing slot to the photographic plate which may be laid face
down over the slot. The size of the slot and wheel 1s such
that a calibration scale 0.3" by 3" results. see Figs. 1
and 1%. In use for long exposures a light tight cover comes

down over the plate.

The design of the instrurent includlng the sector wheel



Flg. 2. BSector Wheel Sensitometer Fig. 3. Interior View



18 such that 1ts use 18 not limited to spectrographic
intersity :easurement but can also be applied to general

photographic standardlzation and measurement.

%hen the energy of a spectral llne falls upon a
photographic plate, the observable and measurable result
18 a blackening or an increase in the optical density of
the plate. The density unit 1s defined as: D = log,, 10/1
where 1° 18 the intenslty of a beam of light transmitted by
a clear portion of the plate and 1 is the intenslity of the
same beam transmitted by & blackened portion of the plate.
The basls of this unit 18 the Lambert law of absorption.(2)

The simple ratlo 10/1 1s called opacity.

The measurement of denslty depends upon the measure-
ment of 15 and 1. That 18, a densitometer 1is an instru-
rent combining a beam of 1light of constant intensity and a
photometer for measuring the intensity of the bear after
transmission by the photographlic plate. Such an instru-
ment with a beam srall enough to pass through a slingle

spectral line 1is referred to as a microdensitoreter.

Tre microdensitometer as constructed as part of this
protlem has the design as schematlcenlly dlagramed in 2’late II

and photographed in Figs. 4 and S.

referring to Plate i1I: (S) is an adjustoble slit
illuminated by a ribbon fllament lamp (F). An image of
the 8lit 1s projected by the lens (L) and front surface
tctally reflecting mirror (#1) upon the emulsion side of
the spectrographic plate (?). The 1light transmitted by
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Figs. 4 & 5. Vicrodensitometer (Yorking Model)



the plate falls upon the photovoltaie cell (PC) whose
electrical output is measured by a eritically damped gal-

vancmeter.

In order to keep the plate in the focal point of the
beam and to be able to move any required line into the

beam, the plate rests upon a movable carriage (C).

The carriage itself moves on steel rods (R). It is
held in position on the rods and limited to one degree of
freedom by five kinematic constralnts in the form of double
row radial ball bearings (B).(3) The five bearings are shown
in Fig.6. Coarse adjustment for position 1s done by

rack and pinion and fine adjustient by a micrometer screw.

Fig. 6. Kinematic Support for the Plate Carriage



For plate orientation purposes a viewing system has
been incorporated in the construction of the microcdensi-
tometer. In Plate Il (0) 18 a flashed opsl buldb whose
surfzce 1s projected in the sarre plane as the image of the
slit. This 18 accomplished by the same lens (L) and a
mirror (¥5) in the form of a sheet of clear glass. In
aidition there are two 1lluminating lichts placed above the
plate on each side of the photo cell.

For the operation of the vliewing system, the photo
cell 18 carried in and out of the transmitted beam by the
movable arm (A). The movement of the arm operates a svitch
which contrcles the vliewing lights. The operating cycle is
such tﬁat the viewing lights are off when the photo cell 1s
in the measuring position and on wheéw 1t 18 moved out of
posltion. Direct observation 18 accomplished either by a
slmple magnifier which 18 moved into the viewlng position
by the phuoto cell arm or by a fixed viewlng mlcroscope
atove the photo cell.

The sensitivity and reliability of the microdensito-
meter depends upon the intensity and constancy of the llght
source, the sensitivity and constaney of the photo cell and
galvanometer, the efficeclency of the projecting lens and
viewing system, and the accuracy of the plate carrliage move-

ment.

In order to get high intecnsity and constancy of the
light source, a 6 volt 18 ampere ribbon filament lamp

operated through a voltaze stabllizer was used. The



necessity for voltage stabllization and the results ob-
tained by stablllization are graphically 1llustrated by ¢al=-
va.ometer movement and recording voltometer record in Figs.

7, 8, and 9.

In the selection of a photo cell for use in this
microdensitometer, several cells of different manufacture
were tested and the one which had the highest sensitivity
combined with the lowest drift or fatigue effects was
chosen. This cell was the G-i Visitron F-3. For meas-
uring the electrical output of the photo cell & galvarno-
weter having a short period, high sensitivity, and capable
of being critically damped by the internal resistance of
the photo cell 18 the ideal.

A short focus, high aperture anastigmatic lens was
used to focus the measuring beam on the[photographic plate.
In order to gain high intensity combined with narrowness of
beam and freedom from diffraction patterns, the lens pos-
ition was such that a reduced image of a relatlvely wlde

8lit was used.

The procedure for the measurenent of the relative
intensities of spectral lines is as follows. The plate 1is
taken from the spectrograph and exposed through the revolv-
ing sector wheel to radiation of the appropriate wavelength.
The plate, after processing, is placed on the carriage of
the microdensitometer with its emulsion side in the focal

plane of the photometer beam. The galvanometer deflections

-12-
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are recorded for clear plate, for each step of the cali-
bration sector scale, for each spectral line whose inten-
8ity is to be measured, and for background next to each
sueh line. (In case the background is small and relative=-

1y constant an average backzround deflection may be used).

From the recorded data, a callibration curve of density
against the common logaritim of the standard intensity
ratios (or of opacity against the standard intensities) is
drawn. See Plate III. The total line intensities and
background intenslties are read from the calibration curve
and substituted into the background intensity correction

formula.

The final result of this method of measurement iz the
relative intensity of each spectral line in arbitrary inten-
sity units. These units may be calibrated in absolute
inteneity unite if the absolute inteneity or energy of the
standard is known.
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INTE:SITY DISTHIZUTION IN TIHE ROTATICNAL STRUCTURE

OF THE 0-0 BAND OF COPPER IYDRIDE

A very efficient source for the production of the
spectra of the metallic hydrides may be arranged by oper-
ating an electric arc with metallic electrodes in an atnos-
phere of hydrogen. Such a procedure was adapted here.

An enclosed 220 volt 4. c. arec with water cooled copver
electrodes was constructed such that the arc could be ope
erzted in any desired gaseous atuosphere. See Figs. 10

and 11.

rumerous tests were made as to best operating condlit-
ions and 1t wans found that the Cull spectrun was obtalined
with reasonable efficlency when the arc was operated 1n‘
hydrogen at 10-15 ca llg pressure with an are current of 20
anrperes. “rdinary tank hydrogen was employed wiﬁhout
purification. %lth this are current and hydrogen pres-
sure the arc does not maintaln itself and continual strik-
ing 18 neeessary. The arc was 8o constructed that it
could be started and re-ignited without disturbing the

atrosphere in which 1t was operating.

The spectrograms were taken with a concave grating
spectrograph in an Eagle mounting. The grating 1tself
was of 1 meter focal length ruled with 30000 lines per

inch over a 4 inch surface.



Fig. 10. Grating Spectrograph Fig. 11. Enclosed Arc
and CuH Source



The ruling of the grating and the construction of the
mounting 18 such that considerable background intensity is
preeent. This relatively high background intensity in
connectlion with a background which 18 probably the many
line spectrum of hydrogen is the reason for the grezt at-
tention paid to the method of its correction in this prob-

lem.

Because the band whose intensity distribution was
studied extended from 4280 to 4420 A’ with an average at
4250 X » the 4358 1ine of mercury was used for intensity
calibration. Eastman Process film used in conjunction
with a Wratten filter No. 85 gave perfect isolation of
this line. For this reason the spectrogramns were taken

on Fastian Process film and developed in D=10.

,m W6 350 wic | Goosec *¢  Tavelength

Continuous with Wratten : -,

g

|
| | Hg with Wratten No.85

Fig. 12. Isolation of 4358

- 8-

85



The 0«0 Band of Cull

The specific problem to which the completed micro-
densltometer was applied was a measurement of the intensi-
ty distribution in the rotational structurz of the O-0 band
of Copper Hydride. The analysis of this band has been

glven the most completely by Heilmer and !eimer (4).

A glven line in the band system arises when 8 transle-
tion occurs from an exclted state of the molecule with
glven electronie, vibrational, and rotational energles to
a lower state possessing different energies. For a cone
Btant electronic and vibrational change, the structure
which results 18 a band due entirely to rotational energy
changes in the transitione. This energy change expressed
in wave numbers (V=1 ) 18 represented by:

V = V. 2V, +Va
for the total energy as a sum of the electronic, vibration-
al, and rotational energies. For a given band Ve + Vo 18
a constant and /. varies for each line in the band.

The complete energy expression is given by: (5)

V= Ve tVy + (BB )m 4 (-8
for a band, such as the 0-0 band of Cvil, having a P and an
R branch. For this particular band Ve tV5, = 23,311.1 en™t,
B' = 6.75, B" - 7.81 (#).



The factor n 18 & running number having integral
values and 1is related to the rotational quantum numbers of
the lower estate. The rotational quantum numbers for the
upper or excited state are J' - 0,1,2,..... and for the

lower are J" - 0,1’2’00000

For the P branch of the band, m = -J" and for the R
branch m = J" + 1. The designation P and R branch comes
from the selection rules for possible transitions. The
selection rule for this cese limlts the changes in J be-
tween the upper and lower states to + and - 1. The
spectral 1lines which result from 4 J = ¢+ 1, a8 shown in
Fig. 13 forms the P branch of the band. The R branch

results from a Al = =~ 1.

tach line of the band is glven

its appropriate J" value as an

index. Thas the lines of the

P branch are PI, P P, ?

2, 4’...
' and those of the K branrnch, R

O’

- - cm o

Rl’ Rg’ 33,00000

i\L N (N
' % As a result of the se-

lection rule and the termine-

ology for the branches, the m's

in the energy expresslion are:

1 1 m = -1, -2, -3,00000 for Lhe
Ro R,

;v—
U

VerVyf

P branch and m « 0,1,2,3,4,...

Fige 13 for the R branch.
Energy level dlagram .
for the 0-0 tand of CuH
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10
11
12
13
14
15
16
17
18

19

20

TABLE I.

P Branch

cm~t

23,295.54
23,277.81
23,257.94
23,235.54
23,211.92
23,185.81
23,157.72
23,127.53
23,095.36
23,061.24
23,025.19
22,537.16
22,947.26
22,905.46
22,861.88
22,816.42
22,769.26
22,720.25
22,669.52
22,617.13

o

A

4,291.5
4,204.7
4,298.4
4,302.5
4,305.9
4,311.8
4,317.0
4,7222.6
4,228.7
4,235.1
4,341.9
4,349.0
4,356.6
4,364.5
4,372.9
4,381.6
4,390.6
4,400,1
4,410.0
4,420.2

THE 0=0 BAXND CF CuH

R Branch

em~1
23,324.66

23,3356.05
23,345.23
23,352.22
22,3257.05
22,359.67
23,360420
23,358.52
23,354.62
23, 348.54
23,340.38
23,329.87
23,317.27
23,302.48
23,285.50
P2,26K,43
23,245.13
23,221.71
23,196.13
23,168.52
23,138.74

AO
4,236.1

4,284,0
4,282.3
4,291.0
4,230.2
4,279.7
4,279.6
4,279.8
4,280.6
4,281.7
4,283,2
4,285.2
4,287.5
4,290.2
4,293.3
4,256.8
4,300.8
4,305.1
4,309.8
4,315.0
4,320.5
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1t should be observed that for the P btranch of thls
band, both the llinear and gquadratic terss in m are negative.
The result 1s that tre wavelengths of the different lines
of the P branch eontinuzlly increase. But for the R
branch the linear term is positive and the quadratic term

18 negative.,

This difference 1n Bign causes the wavelengthd of the
lines of the R branch to decrease at first and then begzin
to lrcresse as the quadratic term becores more effectlive
trtan tle linear term. This reversal of directlion causes
the lines of the R branch to doutle back upoon the..selves
and forr a8 80 called tand hezd. For the appearance of
this band see Fig. 15 and Plate IV. Data as to J" value
and wave number for the individual lines of t¥is band as
given by Heimer ard Heimer (4 ) as well as the correspond-
irg wavelengths ags converted from wave number are glven in
Table I . These data are the basisg for the wavelength

scale in Plate 1V.

The Intensity Distribution of the Lkotational Structure

of the 0-0 Band of Copper Hydride

It may be seen from ¥Fig, 15 that there is a non-
uniform distribution of intensity among the individual
l1ines of the band. The intensity of the individual 1llnes
of the band depends not only upon the frequency of the energy
causing the spectral line, (Energy of the quantum = AV ),
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but also upon the probtability of occurrence of the transi-
tions which result in the spectral energy, and upon the

number of molecules in the initlal state.

The distribution of intensity, frous emission in the
rotational structure of a dlatomiec molecule, as given by

Herzberg, 1s: (5)
D -[B'II ) hesT]
I=C(J+3'me
The C 1n the expression for intensity distribution 1is
proportional to the fourth power of the frequencies in the
band. For» any particular band C is approximately con-
stant, and therefore may be regarded as a proportional-

ity constant.

The factor (J* 4+ J" 4+ 1) 18 an expression of the fact
that the intensity distribution depends upon the statiestl-
cal welght of both upper and lower state.

The dependence of the intensity dlstributlion upon
the number of molecules in the inltial state which in turn
is dependent upon the temperature of the emitting source is

expressed by the Boltzmann factor.

Since the P branch arlises from successive transitions
in which & J = + 1 and the R branch A J = - 1, the ex-
pregsion (J' = J") representing the transition which results

in a single 1line becomes:

&
1
cy
2
]

- 1 for the P branch, and J" = J' + 1
/
J' «J" - 41 for the R branch, and J" = J' = 1



Therefore the expression (J'+J"+1) in the intensity
distribution becomes:
(J'+J"+1) = 23'+2 for the P branch
(T'4+3"+1) =2 2J for the R branch

The intensity dlstribution function may now be written

for the P branch for example as:

I =C(23'+2) o LRI A/AT]
The intensity distritution for both P and R branches of the
band as measured by the method outlined in thls problem
are shown in Plste IV. Shown also are the total inten-
sity and background intensity for the P dbranch. It i8 to
be noted that the background intensity is from one to three
times the intensity of the lines themselves. This fact
11lustrates the necessity for a reliable method of back-
ground ecorrection. The data for this intensity measure-

ment is to be found in Plate II1 (for Plate A) and Table 1iI.

.—25.—



TAELE II
INTENSITY DISTRIEUTION IN THE O-0 BAXD OF CuH

? Eranch R BEranch
J" Total Fog Line Total Fozg Line
0 11.68 S.56 2.02
1 11.60 9.55 2.05 13,58 Q.31 4.67
2 13.16 9.55 3.61 16.41 9.50 6.71
3 15,69 9.1 5.78 1T7.99 9.45 8454
4 16.60 70 6,80 20,65 9.45 11.20
5 18.04 9.55 8.49
6 18.42 10.383 8.04
7 18.4A2 9.91 8.51
8 18,42 9.67 8,75 18.65 9.45 9.20
9 19.67 11.73 T.94 18.82 Q.45 6,37
10 20.23 12.38 7485 17.03 G.45 T.58
11 17.72 15.97 9.45 6.52
12 18.42 11.85 6.57 15.37 9.43 5.%94%
13 16.76 11.72 5.04 14.94 9.43 5.51
14 1T7.57 10.25 T.72 14.53 9.43 5.10
15 15.24 10.37 4.87 13.96 9.20 4.76
16 14.81 10,63 4.18 13.45 9.31 4.14
17 13.55 9.19 4.36 12,82 9.3l 3461
18 12.36 9.31 3.05
19 11.49 9.06 2.42
20 11.24 9.06 2.28
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TEITPERATURE EASURELENTS

The dependence of the intensity distribution upon
temperature may be seen in Plate 1V. There the theoret-
ical intensity distribution for the P branch of the 0O-0
band of CuH has been plotted for the two temperatures
700" and 1400 K. It 13 to be observed that as the temp-
erature increases, the intensity distritution envelope
flattens, 1ts wmaximum shifts to hlgher J" values, and that
the intersection between the envelopes for the P and R

branches shifts to different J" values.

These effects, which become apparent when a change
takes place in the temperature, may be used to calculate

the temperature of the emitting molecules.

The temperature may be determined from a solution of
the intensity dlstribution function for T. From:

[- C(2araye [DTUTNALRT]

Lo I . - BI'(I4NAC | 1,6 C
e 272 T
This logarithmic equation has a linear form and may
te solved zraphlically for the temperature. vYalues of
Log IJ“/ 2J' ¢ 2 are plotted sgainst J'(J" 4+ 1), and the
temcerature found from the measured value of the slope of
the resulting strailght llne.

The temperature may be determined from the intensity



maxirur by setting the flrst derivative of the distributlon
function equal to zero and solving the resulting expression

for T. Such a procedure ylelds:
1
T = (7+1)(23'+1) BAc/r
The tenperature may be deternined from the lntersec-

tion of the intensity distritution envelopes for the P and

R branches. Knauss and YcCay ( b ) give:

<B'Ac/h)LJ:(JS )= (T +1) (I35 +2)]
Los, [(J;+'X/I;J

T =

in whieh J", and J"} are the J" values for the intersection
point. It 18 to be noted that J"P and J"R are not neces-
sarily integral. The exgyression comes from a ccneider-

ation of the fact that for the intersection point,

V-P =rR IP =Iﬁ

Results

The data and graph for the temperature by the slope
method may be fcund in Table [IT and Plate V. The cal=
culatiéns were made by using the measured intensities after
discarding intensity values which because of error in the
background correction (due to background being made up of
diffuse lines as well as a continuous fog) are obviously

out of place.

It will be noted that two separate and distinct

setralght lines result from the same branch. Cne line



TABLE III. VALUES OF Lose ‘2‘3%';'2— ASD J'(J'+1)

1
" ] ¢ 4 gt

1 © o) 2  2.05 ~0,0247
2 1 2 5 3,61 -0.1026
3 2 6 6 5.78 -0.0374
L 3 12 8 6.80 =0.1625
5 4 20 10
6 5 20 12 8.04 =0.4004
7 6 42 14
8 7 56 16
9 8 72 18 7.94 ~0.8186
10 9 90 20 T7.85 =0.9352
11 10 110 22
12 11 132 24  6.57 ~1.2266
13 12 156 26
14 13 182 28
15 14 210 20  4.87 ~1.8183
16 15 240 32 4,18 =2.0357
17 16 272 24
13 17 306 36 3.05 -2.4684
19 13 32 38 2.43 -2.T7497
20 19 320 40
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results from the low J" values and one from hich values.

The temperature resulting from the slope of the line
=8 drawn through the points representinz low J" values 18
aporoximately 716° K and for the high J" values it is
1360° K. hese values are quite critical. It was found
that the calculated slope for 1360 4+ 50 = 1410° K could
not be fitted to the voints in Plate V for high J" values,

An explanation for the appearance of the two straight
lines having different slopes amy be found in the work of
ochte-Boltgreven and Laecker ( 7 ) who have considered the
effects of temperature inhomogenosity, self absorption,
self reversal and overlapping of lines upon the determine-
ation of tenperature by this mnethod. The effect observed
above 18 a result of the temperature inhonogenosity of the
arce. That 1is, the 1ntenslt1 distribution in the branch
results from a composite distribution funetion caused by
the fact that séme large proportion of the molecules in the
arc sre st some high temperature (in the core of the arc)
ard some emall proportion are st some lower temnperature
(outer shell of the arc). The above workers have shown
that’such a condltion for some two temperatures, say 1400°
ard EOOf results in a curve such a8 is found in Plate V,
ttie slope of which for higzher J values gives a teizerature
of 1400° and for low J values a temperature co:.slderably
alove 500°, say 700 . It mey therefore be justifiably

eald that the temperature of the core of the coprper srec is
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(1360130f’K everi thouch the temperature of the outer shell
is not directly discernable. It should be noted however
thet by trial and error a choice of different proportlons
of molecules at different tempsratures would give a compos-
ite intensity distribution which would fit the measured

distribution.

Eecause of the temperature inhomogenosity of the are
and the corresponding composite intensity distridbution, it
18 not to be expected that temperature determination by the
intenslty m=zximum or by the envelope intersectlon method
will gilve valild results. Both of these methods depend
upon the shape of the distributicn envelope for low J"
values, and 1t has been indicated above that when temp-
erature inhomosenosity exists, the envelope for high J
values oaly may be used. Fowever the calculations were

made for these rethods with the following results:

A choice of J" = 7 for the raximum J value gives
850°K and of J" = 8 gives 1170°k. This difference in
choice comes from the difflculty of determining the max-

irunm of the reasured intenelity envelope.

The method of the envelope lntersectlions for the P

and R branches gives 1320°K for J", = 2.6 and J"; = 14.9

P
as the J" values of the intersection.
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SUIHARY

A working model of a microdensitometer, along with
accessory intensity eallibration apparatus, has been design-
ed, constructed, and applied to the problem of measu:;ng
the intensity distribution of the rotational structure of
the 0=0 band of Copper Hydrlde.

In the process of intensity measurement, a method of
rmaking corrections for extreme background density of spect-
rograph plates has been tested and found to give reliable

results,

Employment of the measured intensity distribution of
the band has ylelded information as to the temperature
attained in a copper arc operated in an atmosphere of

hydrogen.

The results obtalned from the use of the working
model indicate that 1t may well serve as the model for
the construction of a mlerodensitcueter for routine
density measurements in spectrographic intensity deter-

minations.
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