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ibration of the Climax Intensity Scale for

corcnal observatory has reporied
scale. Arosa, Kanzelhohe a
ry scale', that could, if necded, be
Climmax and Sacramento Pealk have recorded their spectra

11l asx d ‘*axmaé.—*a ily compared the densities of the lines

cm a comparisen
ly pic du Midi aa
; 1.,.{@;,?\.,:1,-; of ;one angsiro
he same wavelength as the line (equivalent E‘-‘.Zl:;.’.“

ted

tringent requirements on observiag
es, each corcmagraph

3 ity coronmal measures, »
i;n a number ¢f days in which no-trustworihy

nalys¢: have fempled to combing observations

to obtain as nearly complete a set of line
rm}. of these analysts, notably Behr {1951), Bell
2 {1955) bave carried out statistical comparisons

d by vavious stations in order fo esiablish
ti.e readings of one station into the scale of the

N

antirne Commission 11 of the Inmternational Astronomical

. A. U, 1952) recommended that all stations express coronal
2rms that can be iatercompared, in view of ﬁhe'\irzc:e

\.,’; ragier {1951) and Hraual {1954) have described methods

m the viswal memory scales aft Arosa and Wendelstein,

intensities have bcen vcyorted in an
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nzed of taking data in zucha way as to insure that the

TEL0 48 A I IR 3
scale v 2 z vniform meaning in terms of linz intensities, and in

1944 pr:c;i.ce of using & sensitometer to place a sei of eight

fhote s

light

band i

imprass graded is -:'.:'::;i‘;ies on the fv}.ru to Lr-“fewn ?} G s:;o’-:f:.‘; The lamp was
conyic cower supply with a carefully contr :“lfcrr:l ceasiderably
below its rated voliage so as to minimize aging of the ament and bulb.

In the routine operation used prior to 1935, the plates, after remeoval from

.

in the sensitometer for the same length
a, then have been developed in such a

way as ko effect th ame spot densities '».fi'thir.\ cerinin limits, for all

After the {:lc_.te were developed, a "wedge" confaining approximately
n comparison lines, with profiles re‘;ezﬂbling those of corocnal lines
ity, was placed on the plate beside the cororal

rions degrees of density,
and the comparison line was found that best corresponded to the
1 line.

The procedunre ha c;‘&am definite ac.w..n,ta.g@m over the memory

ales used at “v’evdrﬂb‘-ﬁiz and Arosa; The comparison lines are availabl
as & reference at all times; they are viewed ageinst the same backg v“o’.md o
caftered light as the coronal lines; and the numbers in the

cen
3~40 scale :e.ss:l,gzv‘fl to them are such that the resulting arbitrary intensities
are approximately linear (in the case of a typical photographic Cha‘a.cte istic

ir relation with the actual intensities of the lines.

e are scveral difficulties inherent to the method, however, the

that no equivalence was esitablished between the vnits on

3 le and any absolute scale, Another difficulty is that although
_ shic characteristic curves for the various plates may be kept

the same (within limits) for the green light used in forming the spots, changes

3 ilsion bring about nnemiroll able changes in the characteristics at the

2leng ths of t‘c -ed and yellow coronal lines, Occasicnally, also, the

=rs do not succe c?. in comtrolling the photography within the prescribed

& result t, quite a mumber of plates each year have been ruled as

v weight data, even though perfectly goc‘rJ. photovgra.phs of coronal

preseant on therm, Finally, since, in the reading of the plates, ‘

ition of the comparison wedge on the spectrum of the scattered

nsifies of the wedge and plate, whereas, im faking the photograph,

s of the coronal line and scatiered light are added, adequate .

r various scattered light intensities is not provided, ‘
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.ce of Ordmnance Rc..caz.,lz has recently ccmplemd a program

The High Altitude Jbservatory staff, working under the auspices of
2



]
(95}
H

h the dual purpose of developing a set of fables suifable for conversion
st li:af: intensities already reporied from the arbitrary scale into
reby all Climax

rv«-r:.

strems and seiting wp routfine procedures
ed in the future will be in absolute units, Through this program
tempted to correct for the difficulties in the ea .x:iimr procedures,
solute ingensities obtained from the older readings and

reported in the future will essentially be independent of
scatitered 11r'b.t and the emulsion characteristics.
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PROCEDURE
4. General Untline
n brief cutline, the "t“ys of the st:..nam,a’ ization procedure which we

used were as follews: (l)We made m:croyno’mm-t r tracings of coronal
plates Irom the library of Climax coronal spectrograms, and

wrad the deflections with those due to the seasitometric spots. (2) We

d spectra through the same instrument used for the cerxonal lines, of

a2 the selar disk, astenuated by various known amounts and cornpared

d-:;ir:‘ti.:.,‘.s in these opcctra with semsitometric spot densities cn the same

on many pl

N
s
;'O

tes, thus we ¢stablished an equivalence between effective spot brightness
at various wavelengths., (3) We compiled a table from
(1) and {2) that showed, for various sky brightnesses,

in equivalent Angstroms corresponding o various

n 'ho old Climax scale, (4) We conctrurted a table of factors

g the true green line/red line ratio from the ajparent ratio for
:’:;nulsmm u.oed Finally (5) we compared Climax coronal line intensities
ivalent stroms with those given by ofther stations. A rmore defailed

descripiion of tL ese steps follows,

" The inte \,,‘x!f:.-';) -.n.r-*ceucd b, ‘1«*:5:: profnles were expressed in ferms of
librated m't. controlled intensity scale used for making the sensiftom
sifies were grouped according to sky brighiness, .rxd for
ahtness, a graph of the type shown in Figure 1 was plotted
aralyzed, We were able to detect a clear-cut change
lation lines on these graphs with increasing sky bright-
however, able to effecta aigmfnc“.\t «ﬁdzzcsnom in the
: L density

2}

ints by introducing corrections for var 3 ok
ncg we concluded that sky brightness was the most significant
ter entering info the reading of line intensities by the
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the bockgrounds varicus degrees by superimpos
far from the sun on' the coronal spectra, Line intes
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wWe attenuated light from the seclar disk o intensities

oronal intensities by means of an opalized glass placed
i

c
3 front of the coronagraph objective, To illustrate the principle
 the action rf the opalized glass we first consider the glass to be an ideal
o light, but one that scatters any light imcident upon
or hackward according to Lambert's Law, Without
1t striking any e .1ement of the surface of the
ined in a solid angle = A@/Ra, where Agy is the
where R is the distance from the sun to the earth,
ity of the light in this cone be J ergs :/sec /unit solid
5 is inserted this flux is scagtered over a sphere,
he scattered light normal to the scatiering surface
3 ié‘. Then, since the incident flux rnust qual

ol <

/2
| 2/ 2¢Tsin P cosP dP =T Agy/ R®

')

and  3/1 - An/2w R®, : ’
. S

e

sy
oo

r = the solar radius,
/7= L {e/R)% =10.8% 1078,

we iniroduce limb darkening dafa sc as 1o express scattered flux
density in terms of density of {lux from the center of the solar disk, the
attanuation iumhor' 7'/J depends on wavelengih, and is 8,49 2 107V for A5303
2 1076 ‘or\637d

f)

and 8.83

from an ideal gla
ht, prodeced by

determined, by laboratory measurements, the extent of the depar-
85, For fl
placing a

fture of our particalar piece of opalize lglass
1 & collimated beam of ligh

measureme

cwl ndrically coiled automobile headlight filz rnent at the focus of a collimating
hs, with the long axis orientated aleng the lens axis, This light was



he suriace of the oPah ed g
that focused animage of the f of
iaple aperture, the aperture being directly in front of ¢
3itire "’*"":u.e of a L1241 r)boﬁ‘ncell A microammete

>s With the photocell edm ‘..”cd the agparats, See Figure 2,

rﬂfu:med by use of various apertures
over the range of light levels used,

the ouu.l-zc glass i

ght scattered at va

3 >
and the defector recciving light

=
2
;:r

e detector when the opalized glass is im place;
he opalized glass is zemoved,,_.@be the solid
t on the plane of the opealized glass Dy the detector

I

ghit incident on the opalized glass within the circle
i the detector aperture when the defector is in line with
rared light, per unit solid angle, from the same circle in

o

Z = e,

Z

d glass S is consimnat and;

) &
2,0/ 2rSsin® cos O 4P = L

L

showed that the forward scatier of our opalized glass was,

hin the limits of acruracy of our experiment, equal to that which we
would expect from an ideal glass. A mwore detailed inv’eshgation, made by

plazing the detector at various angles with the incident beam, indicated
a distribution of § with angle as shown in Figure 3. A numerical integra
of the intensity cver the entire sphere accounted for abou& 259% of the light
} ar that, for forward scatiering, a small specularity

almost cxr-.:‘r};' g.e;n.pon: ated for the absorption in the glass,

Thrus it would ac

[laving calibrated the opalized giass, we manufactured a step slit
with widths of 2, 4, 8, 16 and 32 times that used in routine spectroscopy of
the corona, We then photographed ten specira of the solar disk s, With the

21

step slit in the spectrograph and the opalized glass over the objective lens
of the coronagraph, The dust-cover limited the amount of sky illuminating

‘usiag plass to a few degrees from the sun, thus making unnecessary,
hat would have been very difficult to compute had the glass been
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ant portion of the sl

o tra wese spo in the same s :=:*.:mcn‘f'*"““ that

2 apot densities were fthen compared
‘The ’~*f\n‘meri$0n- was carried oul ot way ik
) "-“*?’L and Ho, but .,mucaea.tly remowved {rom any major
et their wings, extensive in the cases of the broad slits,
not mfluence the :'é: ulis, thcvn this «..n”n,(:\a.rﬁqwm we arrived af the set
re 4, ‘Emce the semsitometric spots were made with

. ’3:\.’.5.‘/4“.‘,3'- the line in Figure 4 for }‘\.M(B to hold for all
The-slope of other lines would vary with the color

ien, however. }

p 3. In zompiling the tables for converting Climax arbitrary info

Z we selected from the variouvs graphs of the type shown
2 1, gpoints fr st established, These
aged on g

shown in_Figure 5,/a d curves were dT.(_.'J"X’ thr ough points of equal Climax
bitrary scale irtsenbnx,wsp These curves were sg drawn/ that not only
, but that their spa¢ing would be systematic, Thus the
¢ aggregate ¢f several hundred n-ncroplms:ﬁmc:- ter tracings went into the
of each equivalence between the Climax ar,bhrary scaie and the spot
The tablep were compiled by reading values of spot scale intensity
from Figure 5 agd translating them into ec*mv“}mm: Angsﬁroms by means of |
plete table is given in Appendix

rom curves “ﬂ-a"i s«nemr::?. to be b

Figure 4, A corm

reguired the determination of the relative spectrel sensitivity of

hat have been used in the past at Climax, To do this we
apparent brightness of the sky at varions wavelengths, in

for reprecseniative plates of different ermmulsions, Then,

ihe color distribution in the sky had actually been the same -
we cornpared the apparent color distribution with that found
sly to disk spectra, ¢ Our assumptioc
ing color was justified to some extent by an anralysis of the
nal specira that were photographed on ihe same
Although the background brightness varied ove
plafes, the rafios between intensities at varions
nearly constant. A table of factors for
ity ratios for various ernulsions used at Climex
irue intensily ratios is given in Appendix Il We
945-1954 the red s emaxmvr;try of the plates ha

tvely, giving an apg 1ra—~n'c gradual decrease in gre en/ red

assuming
for all s;

compar i 2

Fwe plotied (‘li max absolute intensities, obtained using the
Cie du Midi and Wendelsfein abselute intensities for the years
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) & 59 ~195] and 1953, I[il. Each

of high solar activity,

s tere agpears o be a
rorrespondente befwaen the range of intansities observad at Wendels
&t bserved at Clirnax, whereas the -ic da Mrdi infensities are
SRR LS twice as great as for C‘;imﬁ"-:‘ {3) At times
Ve et tensities range éa.pprw'i:mm‘-l roowice those a
s 2ms'the:'7 four times as great
'l
investigations that we have carried oul recently af Climax offer
cplanation  for these h.ﬁz..nep,.. cies. T our rouf me aperation
roronagraph is adjusted so that the sun is focvsed on the
sk in Ha, whereas the occnlting disk is focused on the spectvogranh
slit'in green, The résult is that features of fhe sun are most ¢ early focused
on the specirograph slit ia a wavelength in the appro ofrimate orange part ot
» apectrum, while the cirele of confusion for green is appr ximat taly
in o :*‘1«%*(\; Cbservations are made af fixed distances from the.
Wendelstein makes chservations with g1l agparatus in focus in
du Midl, when cbserving the green corgnal Mné also fucuses
) 15 in gfeen, but uses a radial slif. Thys ¥Fic du Midi intensitics
maximum values at the height of kriahxe t coreopa. We
have f".';-';v.r\c‘; in one pase recently that by changing the Clirnax focus to gre
throug e slit as close to the imn ge of the limb as possibl
We were ightness of a cru,ml region in A5302 from
12 mil s of an eguivalent engsivom. The brighiness |
dete onu similarly studied, increased from 34 to |
27 .ﬂi . that we took we were able {o draw lsophotal
MA RS off the two X"'“”'OL...:., and fcund that the intensities on these ma;
he known circle of confusion, agreed very closely wzi_th thosa
ohservations. Af times of high coramal activity the regions
=msive, s@ our resulis bave pot been 50 sezaéiiiﬂfe to the sharpnezs
tat times of low activity the regions are both less extensive
and lie closer to if.
. fo be installed at Climax, will give us, ©

atww for each line studied, Cwmn; 3t
e expocted to agree more closely o

the solar eytle, Our exnperience _[}EC' out,
statons clearly specifying the height above
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wisuad! 1l Threshold (5 : 5303 A)

T e R S S S S A N T L R T
I 'l 02 04 04 04 07.07 €7 1 1 L5 L5

2 lFg.4 . 0,7 0.7 Lol ol By MG s2  2 3 3

3 0.7 Akl 2 2 2 28.3 773 4 5

4 1 1.5 2 3 3 3 3 4 4 5 b

5 | 1.5 2 3 3 4 4 4 +87 ' 5 6 7

£ i 2 5 3 4 5 5 5 A 7 7 9

2 3. 4 5 5 6 & 7 8 9 11

8 3 4 5 & 6 7 8 8 9 10 13

9 4 5 7 3 9 9 9 10 12 13 15

10 7 9 11 12 12 12 13 14 1& 18

11 7 9 11 13 14 14 15 15 17 19 21

12 g 11 14 15 17 17 18 18 2o 23 25
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15 2 3 4 4 4 4 5 5 =G 4 & 7 8
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4 7 6 7 7 7 7 7 2 8 9 g 10 11
4 a8 7 8 8 8 g 2 8 9 9 1% 11 12
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