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FOREVARD
(By %alter Orr Rober’=s)

Before we carried out the expedition te the eclivse of 25 February

1952 in the Sudan, we r.r=fully worked out plans for photometric stan-
dardization of the films., This report, though it is being issued after
the completion of the expedition, was prepared beforehand. The report
is a composite of contributions by the two authors. Schedule difficulties
were So severe, hceever, that we deferred the editing and issuing of the
¢ rport until after the more essential tasks were done. Ve shall soon be
j able to commence the reduction of the spectra according to the general

¢ procedures related here, The results of our expedition have already been
[, ¥ related in a revort and oronosal prepared under resiearch contract.*
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PIIOTOHETRIC GTANDARDIZATION OF ZCLIPSE SPECTRA
I. Ceneral Procecure,

Our purnose is to determinz the energy of each wavelength vhich
enters the arerture of the eclipse camera from any specified se¢-
tional area of the chrcmosphere during the eclipse. To determine
this from the rhotogranhic plates requires a knowledge of the energy
E(\ ,P,D} of wavelength A incident on the camera aperture during an
exposure of time duration P wnich will blacken one square centimeter
of the nlate to a density D. Hence, if dA renresents an area of the
solar disk lccated in the exposed vortion of the chromosphere, and
da is the image of dA in wawvelength A falling on the photograohic
vlate, E da is the energy of wavelength 3\ entering the camera from dA,

E( N ,P,D) is determinei by comprrison of ihe eclipse spectrum
with a standardizing spectrum. The suandardizing snectrum, obtained
with the same eclipse camera and upon the same film as the eclipse =s
the eclipse spectrum, is that of light from a collimator. The slit
of the collimator is illumiiated by a standard tungsten ribbon-filament
lam with a quartz window, and over thc slit is a metal-on-quartz wedge
tre density of which varles continumusly from 03,2 to 2.2. An image of
unit magnification of the ridbbon filament is thrown upon the slit by
a four-inch ccndensing mirror, and the slit is made as wide as is pos-
sible under the restrictior thal it be commletely illuminated by the
filament image. The collimetor lens is an eight~-inch paracolic mirw-or
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FIGURE 1
(Sketch of Optical System of the Collimator)
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Becauce of the wedge in front of the collimator slit, the standar-
dizing spectrum is graded in density, at each wavelength, along a direction
normal to the direction of dispersion. I( N ,P,D) corresponding to a
given noint on a 1line in the eclipse spectrum may be obtained from a de-
termination of the polnt at the sam2 wavelength in “he standardizing
soect:mm which has the same phctogranhic density, provided:

(a) The nhotogranhy of the eclipse and of the standardizing snectra
may be conaidered identicol.

(o) The standardizing £ilm has been calibrated so that for each
noint (x measured along the collimator slit, N ) there is assipned
a value X A ,P,x) for the enargy of wavelength N\ from the col-
1limator which vroduces upon unit area of the film in time P the
degree of blackening found at noint ( N ,x). Since noint ( X\ ,x)
is chosen becavse it has the same blackening as the noint of
interest av wavelangth X in the eclipse snectrum:

(1) XN ,P,D) o E(XN ,P,x)

(Mote tha* the ccardinate x is measured along the collimator slit.
In what follows the same cocrdinate x will be assigned to any
noint in any snectrum from the collimator that is the image of the
noint in the slit unitse from the end of the slit,)



IT1. Y¥ethod of Identifying Felipse and Standardizing Spectra Photography.

Sach eclipse and standardizing snectrum has, in a 5 mm. strip
directly under the spectrum, a ohotogranh of the data panel. The data
panzl has two parts:

(1) A timing device ccnsisting of a watt-hour meter driven by a
synchronous motor at such a rate that the fastest movine hand turns
once each second. On each hand of the meter is mounted a stainless-
steel snhere in which is formed the image of a point source of
light. Each image ohotograohs as an arc, the lensth of exposure
and time at which the exnosure was made heing determined by the
lengths and positions of these arcs.

(2) A step—wedge, densitites 0.3 to 3.8, illuminated by a ribben-
filament lamp the current through which is carefully controlled,

A standardizine snectrm is considered to be nhotogranhically
equivalent, to an eclipse spectrum if the nhotogranhic characteristic
curves nlotted for the two from the sten-wedge densities are identical.
It is desirable that the exposure times also be nearly equal, but it is
not essential that they be exactly equal. In cther words, small dif-
ferences in emlsion or develonment may be cancelled by differences in
exposure tinme; larpe differences cannot be so cancelled. The need for
mat ching photographic characteristics renuires the nhotogranhing of a
large nmmber of standardizirs snectra, with the exnosure time and
develonmental features varying over the same range as they do in the
eclipse snectra nhotograrhs, :

III, llethod of Calibrating the Standardizing Snectra.

A. Procedure.

The stendardizing spectra are calibrated by comparison of
spectra taken from the collimator with spectra taken directly
from the ribbon filament of the lamp. This commarison is car-
ried out in the field using the eclinse camer:s themselves, and
in the laboratory using a special snectrorravh designed for the
purpose. In elther case, a snectrum from the collimator; called
the calibrating spectrum, is first nhotographed. The sta dard
larp is then removed from the coliimator and placed at a con-
siderable distance from the spectrograph. The spectrograrh is
directed away from the collimator and toward the standard lamp,
and a seri-:s of svectra of the standard lamp filament are photo=-
granhed, nsing a graded scries cf spectrogranh apertures The
apnearance of the resultin~ erlibrating film is as follows:
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In addition to the contimuous spectra, two bright~line
snectra are vhotographed on each film — one using the bright-
line source to illuminate the collimator slit, the other with
the bright-line source located at the same nosition as is the
ribbon filament when photcgraphed directly. The bright~line
spectra are used both to identify the wavelengths and to give
the dispersion in the contimous spectra. E N ,P,x) is de-
termined from a comparison of the filament smectra with the
collimator snmectrum to find which of the filament spectra has,
at wavelenrth XN, the same density as the density in the col~
linator smectrum at the point ( N ,x).

Theory.

The standard ribbon-filament lamp has been calibrated by
the Burean of Standards Pyrometry Laboratory, giving the brirhtness
temerature (1948 scale) as a function of lam current. The
filament current is held at a constant value by means of a sat-
urated core reactor type of stabilizing circuilt, this value being
detormined to four significant figures by potentiometric measure-
ment of the potential drop across a standard resistor in series
with the lamp, Fnowing this temperature, we detormine the bright-
ness temperature of the lamp from its calibration, and the true
temerature is computed by the relationship:

(2) 1/ - 1/ = ZoBnglog €

) .




¢ e —————— T r————— o= s <y

where ¢, is Planck's second coefficient, and € is the emis-
sivity 5f tungsten.

In order to nroreed further, it is necessary to know the
emissivity of tungsten as a function of filament temperature
and wavelength. Bmissivities of tungsten as a function of
wavelength, as published by various observers, are plotted
at various temperatures in Figure 3. Tt is noted that in the
range 4500 A to 7500 A these results agree to within amroxi-
mately 1%. Vithin this revion of agreement the data ars
contained by a system of parallel stright lines. The data
of Forsythe and Adams approximates the straight-line rela-
tionships beyond this range, differing only in that the curves
for the various temperatures draw closer together for shorter
and longer wavelengths, The results of the other two observers,
however, introduce discrepencies of the order of 12%, both at
3200 A and 9000 A,

To analyze these emissivity data for our own use, the
following approach is suggested: It is noted that the data of
Forsythe and Adams for vavelengihs greater than 6500 A define
a rather clear-cut series of straight lines which converge for
lonrer wavelengths. Mcasurements carried further into the
infrared region show that the lines continue to converge ana
eventually intersect. fHence their extrapolation into ilic long
wavelength range has experimental justification. If they are
extrapolated into the short wavelength range they will contain
the data both ¢f Forsythe and Adams and of Ornstein, and will
aporoximate the data of Hoffman and 'Tillenberg more ~losely
than does that of Forsythe and ‘dams., it is suggested, there-
fere, that the enlssivity of tungsten as a function of wavelength
at a plven temperature be taken as the straight line which at
that temperature fits the dava of Torsythe and Adams for the
wavelencth range from 6500 A to 10,000 A,

Given the emissivity, the true tempecrature, and the area
of the filament, the energv radiated frsm il per second per
unit wavelength per unit solid angle

rL
D Smex = €

vhere € is the emissivity and Jy is comuted by the Planck
dadiation Law,

Let A be the area or the aperture of the calibrating spec-
trogranh when the calibratin~ snectrum 3. obtained, and a the
area when that direct-fiYamen!f, -nectrun is obtained which has
the same deasity at .avelength ) as thau at ( N\ ,x) in the
calibratin~ soectrunm,
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D be 71» dispersion in the collimator caiibrating spectrum,
cm./A .

d be the dispersion in the divect-filament spectrum, cm./A

M be the linear magnification in the collimator spectrm

m be the linear magnification in the direct-filament spectrum
h be the hedpht of the filament

R be the dis‘tance from the filament to thn averture of the
spectrogranh,

Then for a direct-filament exposure of exposure-time P, the
energy direct from the filament within the intervsl d) entering
the spectrograph is:

(L) intering energy = P a/R2 EJ)st.

This energv will fall upon a strip hm centimeters high and
d d\ cm. long. Hence the energy falling per unit area unon the
photogranhic film is:

(5) 1 .pa = PagJd
M d dn P‘;?CJ)\CI}\-—M?;L‘

Let W( ™ ,P,x)dA dx be the energy per aquare centimeter in
the light from the collimator tube in the range d\ and emitted
from a length dx of the slit., The cnergy entering the spectro-
graph is then AV d\ dx. This energy falls upon an area Mdx long
and DA\ wide. Hence the energy ver unit area faliing on the
photogranhic plate ist

(6) AT dx dN = AW
Wxda~ -~

If the blackening of the photographic platc is the same at
the point ( N ,x) as for the direct-filament exposure discussed

above:
(1) A7 _ P2 €4
R
(8) Viw ¥ D P& JN
Tmd

. h
¢ b
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D,

Finally, in the ohotogranhy of the standardizing spectrum,
lot A? be the aperture of the eclinse camera, M! be the magnifica-
tion in photographing the collimator #pectrum, amd D' the disversion.

The energy of wavelength dh from length dx of slit, A'Wdxd A ,

enters the eclipse camera and is distributed over an area M'dx high

and D'dX wide, Hence:
(9) BNPX) = qrnEdh = AR

Substituting for W from (7)

(10) E( A ,P,x) = %“.‘. %"E 3%-,' :"‘"&;

Or, substituting from the Planck Radiation Laws:

, -5
marea - f kg T ATE

e "1

where b 1s the width of the filament.
Limitations of thae Method.

In principle X X\ ,P,x) for all points { A ,x) in the stan-
dardizing spectrum may be determined by the above method. There
are two limitations, however.

(1) Because of local irregularities in any photographic plate, any
satisfactory calibration must be based on a number of indepen-
dent photographs. The process followed — setting up a
spectrograph on the collimator, photographing a bright-line
source, removing the bright-line source, illuminating the
slit with a standard lamp, nhotographing a calibrating spectrum
removing the standard lamp from the collimator and placing it
at a distant point, readjusting the spectrogranh to »hotograoh
the lamp in its new position, taking several nhotographs through
different apertures, removing the standard lamp and replacing
it with a bright-line source, and photographing the bright-
line source — is time consuming to the extent that the taking
of a large mumber of data for averaging is prohibitive.

(2) In those portions of the calibrating spectrum which are exposed
to very low and very high densities it is difficull to locate
critically the voint which has the same density as a corres-
ponding vnoint in a direct-filament spectrum.

Modifications of the Yerhod.

-7




Because of the limlitations listed in part IIT, the method

outlined above is used only for accurate determination of E{ » ,P,x)
for a band of points (extending over all wavelengths in the cali-
brating spectrum) in which the densities are those in the steep part
of the photographic characteristic curve. Data for evaluating

E( N ,P,x) for other points are obtained by two methods:

(1)

(2)

After a calibrating spectrum is chotogranhed through an aper-
tere Ay, the aperture of the camera i1s changed and other spectra
from the collimator are photographed on the same photo raphic
plate through apertures Ap, A3, etc. If ECN,P,x;) has been
determined at point (A ;:%5 by the general method outlined in
sections C-I and C-II, the density at voint (% ,tgl in the
photograph taken through aperture Ay is the same as t at
(N,x;) in the photograph taken through aperture A, then:

(12) E(N,P,x,) = ;:’;_ E(N,P,x;)

After the calibrating svectrum is photographed with the filament
at temperature Ty, the temperature is altered and other spectra
from the collimator are photographed on the same vhotographic
plate with the filament at temperatures Ty, T3, etc. If
B(N\,P,x3) has been determined at point (N ,xls by the general
method outlined in sections C~I and C-II, and the density at
point (N\,xp) in the photograph taken with the filament at
temoerature T> is the same as that at point (A s%1) in the
vhotogravh taken with the filament texperature at *ewneruvure
Ty, then:

(13) BN,Pxy) = J_}_”i P

’Tz

The filament temperature and the spectrograoh aperture
are equally easy to vary. By varying either, many times as
many data are accumulated in a given working time as can be
accumlated in the same time by the general method. FRurther-
more, it 18 possibvie to determine the callbration of all points
by the use of ohotographic densities which are critically de-~
pendent upon position in the spectra.

The computations in the tcrperature~variation method are
somewhat more involved than those in the aperture-variation
method. When the two are used jointly, however, a check of the
temperature calibration of the filament is achieved in addition
to the calibration of the standardizing spectrum,

E. Calibration Results.

If the transmission of the collimator, including the wedge, is
- 8.



not a function of wawvelength, the points in a calibrating spectrum
which have the same density as voints of corresponding wavelength

in a given direct-filament spectrum should all have the same value
of x. “hether or not the transmission 1s independent of the wave-
length, the locus of points in the calibrating v:geotm which have
the same density as points of corresponding wavelength in a given

direct-filament spectrum constitutes a contour of equal transmis-

sivity for the wedge~collimator system.

Figure L represents a system of such contours in the ultra-
violet region. The mumber assigned to a contour is the logarithm
of the ratio of the aperture used in the direct-filament shot
" frem which the contour was drawn to the smallest aperture used
for direct~filament shots. Contours from 0.00 to 1.00 were ob-
tained by the general method (C-I and C-II); others were obtained
by the method C-IV(b). Iach point reoresents the average of three
data,

Along any contour the coefficient in brackets in equation (11)
i3 a constant. The function of wavelength lying outside the
brackets is indenendent of the contour. Hence, once a set of
contours 1is estaolished over the ontire range of (N ,x), B(X,P,x)
can be immediately determined as a product of tivo easlly computed
functions.

Donald E, Billings
Eugene N, Parker

High Altitude Observatory
Boulder, Colorado

Approved for Sabmission as
Technical Report
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Walter Orr Roberts
15 July 1952




Bnissivities of Tungsten
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FIGURE Collimator Contours of Hgual Transmission

21 November 1951 From SUV
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