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INTRODUCTION

’JntU very recently alm ost every coronal observatory has reported
1 Irosa , Kai is slht

' have used a 5Q-*step "rn.-irr.ory ss?.!e", that could, II  needed, be 
Climax and Sacramten-tQ Peak have recorded their spectra 

iphicaliy ard have visually compared the densities of the lines on 
v, •' - ' hie piites with those on a comparison "w edge" ,  the resulting

; the range 0 -4 0 . Only Fie d« Midi and Mt. Norikura reported 
; : irm s of he ir ©£/< • ’ 5 ligl 

fchi e -.-.r dir'x at the same wavelength as the line (equivalent angstroms)*

v: . ;ause of the extrem ely stringent requirements on observing 
c-z • v.'.:...' ;:e r obtaining good quality ceronal measures,, each corona graph 

■. . . . ; r : r i c e s  quite a number of days in which no-.-fcrusfrvvortby 
observations are made. Analyst:; have attempted to combine observations

- - .rious stations so as to obtain as nearly complete a set of line
ves as possible Several of these analysts, notably Bohr (1951), Sell 
aar [3 9£ 3) 3ru lek (I 955} have carried out statistical com  jarisoi s 

s e - i&sured by various stations in order te establish  
or coi version of the readings of one station into the scale of the 

other.. '■

, the meantime Com m ission 11 of the International Astronom ical 
Ti ans, :7,. A. U.„ 1952} recommended that a ll stations express coronal 

a-jKies in ■ xi-s that can be intercompared, in view of the wide 
•.'.s-'. x-icies. V/nklmeier {1951) and Kraul (1954) have described methods 

.-b l'g  the visual m em ory scales at A rosa and vVendels4eint
rcs'pocfctvely,

■ rb. Lrnax coronal line intensities have been reported in an 
s '. . ;;ri-.r to January, 1 955, 'Dr, Walter Orr Roberts early

work . ,pc :''ed in this memorandum has been supported by the
■ Or - Research under Contract No., D A -2 .3 -072-O R D -764 .
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need £ tc d ,ta in i uch a way as to insure that the 
sc -3 would have a uniform meaning in terms of line intensities, and in.

' e practic ; of using a sens i tome ter to  place a cot o£ jht
■ lolon etric spots on every spectrograph plate* In the sensitom eter the
ii . . rmi:-v, the spots passed through a green filter with a transm ission  

near 53G3 A, then through various geom etrical apertures to 
: d : - t :• is.ities on the film to produce the spots, Th j Lamp was

■ . supply with a *efully trolled voltage considerably 
rate 1 voltage so as to minimize aging of the filament and bulb,, 

e outi :e operation used prior to ’ 935, the plates, after i emoval from  
t!: .-ectrcri'aph, have been exposed in the sensitometer for the same length 

. . in taking the sj sctra, then have been developed in such a 
way ,-’.s to effect the same spot densities, within certain lim its, for all

■ v e plates wore developed, a "w edge" containing approximat . 
r . :... ..-a com parison lines, with profiles resembling those of coronal lines 
a ’. 'ous degrees of density, was placed on  the plate beside the coronal 

the com parison line was found that best corresponded to the 
coronal line.

The procedure has certain definite advantages over the m em ory
Wends.'.:- and A rosa; The comparison lines are available 

as a ) e£ :re ice at all tim es; they are viewed against the same background of 
dcnr-; -«y due to scattered light as the coronal lines; and the numbers in the
0  ssigned to them are such that the resulting arbitrary in ■ .v.si
are < _ ro~imately linear (in the case of a typical photographic characteristic  
c r . r i..\ tl :ir relation with the actual intensities of the lines,

Thur-: are several difficulties inherent to the method, however, the 
Fo. unos't being that no equivalence was established between the units on

r difficulty
>togra_* hic characteristic curves for the various plates may be kept 

the sam e (within lim its) for the green light used in forming the spots, changes 
bring about uncontrollable changes in the characteristics at the 

■"Oivch: ,3 th:.:- of the red and yellow coronal lines. Occasionally, also , the
io not succeed in controlling the photography within the prescribe;*:’
. result, quite a number of plates each year have been ruled as 

;■ ' ; , low weight data, even though perfectly good photographs of coronal
them., . ,  since, in the reading < te plates,.

’ . r.v•.•. rpc-s'.tion of the comparison wedge on the spectrum  of the scattered  
ligl adds densities of the wedge and plate, whereas, in taking the photograph, 

?.s itles^ of the coronal line and scattered light are added, adequate
■ c rr >ction for various sc a tie red light intensities is not provided.,

i h Altitude Observatory , iff, working under the auspices of 
the 0 i>„ C.'.'ice of Ordnance Research., has recently completed a program



purpose of developing a set of tables suitable for conversion  
Clim ax line intensities already reported from  the arbitrary scale into

nt Angstrom s and settii g up routine procedures wl . y  a ll Climax 
j sported in the future will be in absolute units. Through this program  
'■ f.*temptod to correct for the difficulties in the earlier procedures,

o th .bsoh intensities obtained from  the older readings and 
tnt Jnsitie^ to fee reported in the future will essentially be independent of 

, b r :;-.hiness of scattered light and the emulsion characteristics.,

PROCEDURE

/: Genera1. Outline..

. brief outline, the steps of the standardisation procedure which we 
ucc-.-. were as follows (L) We made microphotomefcer tracings of coronal 

2 s on ma.v;r plates from  the library of Climax coronal spectrogram s, and 
cc npared the deflections with those due to the sensitom etric spots. (2) We
- Hr a: . . d sp tra through the same instrument used for the coronal lines, of 
r fr->m the solar disk, attenuated by various known amounts and compared 

u  rv.;sa spectra with sensitom etric spot densities cn the same 
, thus • established an equivalence between effective spot brightness 

:d •. ..•••. br:,~h£ness at various wavelengths. (3) We compiled a table from  
' stops (I) and [Z) that showed, for various sky brightnesses,

.. Lntcra'ities in equivalent Angstrom s corresponding to various 
. ■ 3  V ■ the old Climax scale., (-2) We constructed a table of factors

d tis the O'i.'.:: green lin e /re  . tic com O.e apparent • ~.o foe
nulsion used. Finally (5) we compared Climax coronal line intensities 

.' r,.': angstrom s with those given by other stations. A  m ore detailed 
description of these steps follows.,

3. .Details of the Procedure,

P. We made approximately 750 mic r opho tome ter tracings of 
coronal line profiles using the High Altitude Observatory microphotometer, 

e-astidvs indicated by these profiles were expressed in term s of the 
vibrated '• ;it controlled intensity scale used for making the sensitom etric  

r . p o ; T h e s e  intensities were grouped according to sky brightness,and for 
c/:.c'\ -e '•'.' sky brightness, a graph of the type shown in Figure I was plotted 
from each y r"s data analyzed. We were able to detect a c lear-cu t change 

sioj of the correlation lines on these graphs with increasing sky bright- 
;s , ,Ve wer . n< h ho yever, able to effect a significant reduction in the 

s . sr of the points by introducing corrections for variation in spot density 
or \rni,:vv Fience we concluded that sky brightness was the m ost significant 
e.:;- eous parameter entering into the' reading of line intensities by the



;c . ic • method, Our assumption that the use of the m ic ro -  
/ c ' j ' § line intensities adequately com ps .■ ?.led for

s db.vo-ial line. After photographing the spectra, he artificially
................ v arious d rees r.imj : :r a :

c ’ 1 spectra. Line intensities froi e
3 spectra determined by visual comparison with the comparison 

stead) . decrease with incre ...:'.
. determined by the microphotometer :re  

or background*

S'reo vVe attenuated light from the solar disk to intensities 
n £e with coronal intensiti by rr ;ai of gla

d i r e ? , i n  front of the cororaagraph objective. To illustrate the principle
■ ’ fei s opalized glass we first consic sr the be
absorbs no light, but ok that £

ii .lly well forward or backward according to .Lambert’s Law, Without 
. 3 ; la ss , the light striking any elem ent : tfc : si - f

coro:^. graph lens is contained in a solid angle = A @ /R “ , where / is the 
r.rsc of the solar disk and where R is She distance from the sun to the earth. 
L-efe the mean flux density of the light in this cone be J e rg s /se c /u n it solid 

7f ’:he opaliaed glass is inserted this flux, is scattered over a sphere. 
L.e!: ... .e flux density of. the scattered light normal to the scattering surfo.ee 

•gsI . . lid angle,. Then, since the incident flux must equal
the outgoing flux

If we introduce limb darkening data sc as to express scattered flux 
den si y in term s of density of flux from the center of the solar disk, the

ion factor j " / j  depends on wavelength, and is 3,49 x I G f o r X 5 3 0 3  
and 8.83 x I Q~6 f o r /V 374

vVe U-r mined. by laboratory measurements, the extent of the depar
ture of our particular piece of opaliaed glass from  an ideal g lass, For these 
mea i.urem-"r>ts we used a collimated beam of light, produced- by placing a 
cy I nsv.r kca’ .:;/ covied automobile headlight file men ft a£ the focus of a collimating 
Ir . w ' long axis orientated along the ler»s accis., This light was

a .d J‘/J  = A 0 /2 tr  R2

if r = the solar radius.

J'/J - j- {r /R }2 = 10 8 x IO"”6 ..



. y ' on ' . iri :e  '' the opaliaed g la ss . The
• is tj! d f a 1 s is 1: foe id an image of the plane of opaliae 

' pie aperture, the aperture being directly in front of the 
r. "* rJ-‘\ a c e  of a 1 Pdl photocell, A rnicroammeter and a 22,-5 voll

series. w« he pi call lplel »d ■- • us. See F  igi ue

this rr< ngemont, We fir s t  confirmed by use of various apertures 
do : •: V.p r re!.;:ic;'S2  was linear over the range of light leva Is used.

■ '-/a m .-..'.shred the phofcocurrent with the- opalised glass in place and 
or placed so as to receive light scattered at various angles, and 

opaliaed glass removed - nd the detector receiving light 
dir-... tly fro-n/the surface,

xa of the detector when the opalized glass is in place, 
the do j? eeuim when the opalized glass is removed;JT^.be the solid

t a . • the plane of the opalized glass by the detector
= co :.,’ . .tc.d iight incident on  the opalized glass within, the circle  
•> tt I: mage o£ the detector aperture v/hen the detector is in line with 

a scattered light, per unit solid angle, from  the same circle in
che ooulizedl'glass.

s £ l  ’ Dj
. - ~  = 1 * r  “

’or an r ’ e r opalIsed glass 5 is constant and;
f'T:/Z

2 2rrS s;n  0  cos 0  d 0  = L

•expeidm V: showed that (.be forward scatter oi: oar opalized glass was, 
of accuracy of our experiment, equal to that which we 

w o i’ t o'P.:.' -■ ;m aa ideal glass., A  more detailed investigation, made by 
ii>g f.he tec tor at various angles with the incident beam, indicated

S with angle as shown In Figure 3. A numerical integration 
c ' ’ e inter r.ity over the entire sphere accounted for about G5°/o of the light 

L; word' appear that, for forward scattering, a sm all specularity  
alm ost exfts idy compensated for the absorption in the glass,,

Itiv ’tv:; calibrated the opalized glass, we manufactured a step slit
<• " 2, 4, 3. 16 and 32 times that used in routine spectroscopy of 

>ha, Wq the i 3 e . .. . . spectre.. of il;.j r. " , with
; spec ;rograph and the opalized glass ever the objective lens

e ." . - " o , T h e  dust-cover limited the amount cf sky illuminating 
~jarj£ a fcv/ degrees from  the sun, thus making unnecessary, 

d'-\ '..t would have been very difficult to compute had the glass been



; : ■' c ■ riion of th« sky, Th® plates conS j .' g 1 3 dish
■ . ; ’ ■ same a tome ter . t ! = I ro '

■ -■■■■ore fci fen com red w >5 i js
The ecfaftp&rffiajx was car ried out at wavelengths near 
74 and ’ la, twit sufficiently removed from  any m ajor 

io ■ V-, ISiVe In the the br slii
r th<’ r e m its . From  this com parison, we arrived a* the set

3" 'Ti in Figure 4, Since the sens; ric spots were made with
iO line i Fig 'e 4 £orA5303 to c I for all 

•.phic - m r'sion s, The slope of other lines would vary with the color 
• I'■-/ of the or mis ••cm, however,

•P’ i -.Ag the tables for converting Climax arbitrary into 
we selected from  the various graphs of the typo shown 

rom curves that seemed to be best established.. These
■ -;d c -• -. plot of spot-scaJ’: intensities vs/, sky bfighfeess,, as

» T  .y.xre 5 ,/and curves were drawn through/points of equal Clim a;:
•V ir.Bensitirfs, These curves were sc/ drawn that not o:.jy

y he smooth, but that their spacing would be system atic. Thus the 
: < - ~ . -aee d£ several hundred microphotometer tracings went i-.ato the 

; • ceu/;‘/alence botween the Climax arbitrary scale and the spot
The were compiled by reading values of spot scale ini snsity

'"'• ;-iir : 5 arid translating them into equivalent Afagstroms by mca.3S of 
J. '..g- 4 A complete table is given in Appendix 1.

; j • required the determination of the relative spectral sensitivity of 
tjr 1 » used To

■ apparent brightness of the sky at various wavelengths, in 
units, for r< sentative plates of different em ulsions. Then,, 

t she color distribution in the sky had actually be :n V e s irt. e
■ '■ ro.L '.7c compared the apparent color distribution with that found 
vg fehy to disk spectra.. Our assumption of a

pi - or was justified to som e extent by an analysis of the 
roi’. :d c4  certain coronal spectra that were photographed on the same 

•» an . ,c -k specrrn U though the background brightness varied over 
■ ■■ v- ■■'"! mnge on these plates, th® ratios between intensities at various 

‘hr rema'r.ed very nearly constant,. A  table of factors for
■p a rent intensity ratios for various em ulsions used at Climax 

; ■•> 1 - fi or- i.r :? get true intensity ratios js give:.?, in Appendix II We 
<-'• • •'' - : cart I 945-1 904 Vb.e^red sensitivity of tee plajes has

re;;sively„ giving ax', apparent gradual decrease in green /red

fo r '*•• we 4ci.;ed Climax absolute intensities, obtained using the 
Wendelstsfc* ab s intensities foi

• bsoUute in'
; . r

jaSS fi
i - - i  •e 1. aomfcs Si



- V I • 5 • as •• 1953;, The results are shows in Appendix |IL Eacl
■ . . ■ ; maximum in! .’nsity gi' an la e Solar - \x *r *t

c • : ' a ' scVa": valuer; by 'he form -. . givan '.y .".ira l̂ (1934)
■ raw - followin; . ■ luaions from  this c'emparisoi (1) I ’b a ts  are  

;t id, { ’■ .. \a as of ) :• h c ol&r aciayi,!^, there appears :o be a 
ro respondents between fehe range Of iabnsitie^ obkerv^d at Vvendeist 

sc oi i j oved a t Clim ax where s 0 i-ic  do Midi intensities t 
::irr\':e)y twkre as great as for Climax.. (3) At times of lo v  sol?.r activitj ..

i { snsittes range appro tafcely twice those at Clim ax, and
1 Iv; >nfcensit»e^ four times as great.

Sor. ■ investigations that we have carried oat recen tl/ at Climax offer 
a-hon for tliese discrepancies, In our routine operation, 

il-r- C) ;r.c..-: r onagraph is adjusted sc  that the sun in focused on the
■ ■ k in H a ............. s the ac< tiu lisk is fox ust d on the s »c x oj

ree i. The result is that features of the sun are mos3 clearly focused 
h slit in a wi approkimt

while/ the circle of confusion for green is approxim at-ly  
f ■ ■ kir c»ameter. Observations are made at fixed distances from ti.v 
sc; ;• - .mb to In makes dbscrvaHeus with, all apparatus in focus n,

H e di ' 31, when observing the green coronal line,, all fi us -
ip gia n, but uses a r 1 slit.. T jfs Pi . du vildl intensities 

c~ . ■ : f> - /maximum values at the height of brightest corona. Wo
ha vs io;wA in one case recently that by cfaangl»;j Sue Climax focus to greeiv 

>ughout a; d bringing the slit as close to the image of'the iimt 
v  were c to -.perease the -brightness of a coronal region in ^5303 from  

88 Lonths oS ,. livalent angstrom . The brightnei 
m in of/another region, sim ilarly studied, increased from  34 to

7 r.VvJip/ ’ s„ From  the data that- we took we were able to draw Isophotai 
our maps off'the two regions, and found than the intensities on these ma is 

over y;e known circle of contusion, •-■•.;>"• v closely with those 
r , '' i ol s sri ations. At times of high coronal activity the regions 

cierisive, so our results have not been so sensitive to the sharpness 
V At at times of low activity the regions are both less extensive 

•••5 a - •• ■ ■ ’ • - •’••/ or 1 He closer to it,.

I e '. ’ograph,. soon to be install ;d at Clim ax, will give vs, on 
a -• j- , ^ -fo e u s  observations {.'or each li^e studied., Clim ax

y ■ •'v’ es m a;• then be -expected to agree m ore closely with those
I at a times in t»e! si 3.r < . Our experience points out.

’no,-. - . j -..-orV-’ a cf ail s tv. Sons clearly specifying the height above
■ Iv.ne a '1 :h o ' r v a t i o n s  are mads.

-  7 -



-  -

'..'ac authors wish to' express their appreciation to Dr, Walter Orr 
Roberts for his advice and for his enthusiastic support of the project; to 
the Climax O bservers for the many excellent special plates used in the 

.• s t a t i c : - ,  especially to M r, R. T, Hansen who initiated much of the
worh that got -he s t ’ ndardi.ia;ion program under way,; to )hr. Gerard

r r-ck, L'o: c he--king the mathematics involved, in the b a s x  fts.'iux?''=.or>s 
rogrc m and computing the performance: characteristics of the 

C coronagr...ph as it is now operated,- and finally to a number o_' our
i . gues who have, from  time to time, discussed the program  and given us 

\ : le suggestions;; Dr. R, G, Athay of the High Altitude Observatory- 
r Harold Zirhi of. Harvard College Observatory,; Dr.. J. V’/„ Evans asd 

hr C. S. Yi: oi the Upper Air Research Observatory.

BIBLIOGRAPHY

he hr (1951) Zs £, Ap, 28, 296.

Glaser (1953) Solar Department of Harvard College Observatory, 
Scientific Report No 12,

Bru^jV (I °5 5 ) Z s  f Ap 35 „ 213

Tra...:-^ct;.\s of I. A U. (1952) 8, 151.

hrai 954) Z s, £.. Ap,. 33, 174.

•. :;ier (1931) Die Sonnenkorona I (Verlag BirkhA!user Easel) p.. 24..







JLight from  Idealized OpaHaed G lass

A
ctual 

Scattered 
Iv^h

t







Appendix. I

\
U/il » Tb re si'old

5=*rr-r-— 39-
(A 530 3 A)

-r- - r -

” 3 4 5 T i r ~ ...V ~Y0 " ■ n r TZ i J

0 2  0 ,4 0 .4  0.4 0 . . 7 0 . . 7 0 7 ii 1
=r=rsss»cse**ss

1,5 1 , 5 2 ?t.t
0„7 0 7 I 1 . 5 1 „5 1,5 2 2 3 3 4

0 7 1 1 2 2 2 2 • ***j ” '3 4 5 ' 5 6

1.5 2 3 3 3 3 4 4 5 6 7 C\0

2 3 3 4 4 4 5 5 6 7 <?
0 9

3 3 4 5 5 5 6 7 7 9 9 10
n 2 ■> 4 * 5 6 6 7 8 9 11 11 12

3 4 5 6 6 7 8 n0 9 10 1 3 13 14
*> 4 5 7 nO 9 0

* 9 10 12 13 15 16 1 0

10 7 9 1 1 12 12 12 13 14 16 10 20 21
o/ 11 1 3 14 .14 15 15 I 7 19 21 23 25

12 0p 11 ] 4 1 5 1 7 17 13 1 3 20 23 25 26 29

I 9 13 1 6 1 3 19 19 20 21 23 25 27 29 -> ? 
-> i-.

11. 15 1 8 20 21 21 22 23 25 7. O 
A- O 30 32 35

15 1 3 18 21 23 24 25 25 26 29 31 33 35 .2 o:

.1 6 15 20 24 26 27 27 28 29 31 ■3 4
j  *5 36 39 41

17 1 8 22 26 23 29 30 30 32 34 ' 3 7 39 41 44

in 20 ' 25 29 31 32 32 33 35 36 40 42 45 A  O

22 27 31 33 34 35 35 37 40 43 45 43 5 0

20 25 30 33 35 37 3 7 38 40 43 46 48 50 53
23 J 36 33 3 9 40 41 44 47 49 52 5 5 53

22 35 3 9 41 42 44 45 47 50 53 57 59 64

23 ■ 34 33 41 4.3 45 47 48 51 54 57 60 64 6 7

24
38 ,

40 43 45 47 49 52 54 5 7 6 1 65 67 71

25 42 45 47 5 0 53 56 59 62 66 70
26 i 40 44 47 50 52 57 60 64 67 72
27 I 42 4.6 49 52 55 59 63 66

A 4 47 51 54 53 62 65 69
y* 0} 1 45 49 53 57 60 65 63

3 48
51 55 59 63 67 71

31 53 5 7 61 66 70
32 j 49 55 59 64 68 75

.



/' : :pencUv. I {Cent,)
... —.—*—~ •*——-'—

esbo] '. 374 A)
*' 5 6 7 3j• -Mn»rwM I

I T " IT 7 2
 ̂ •- - ««• ■5KW-TT.V*-*

i. o,i.. 0 4 0 4 0,6 0,.6 0.6 0,8 0,8 0 ,8 i 1j. 1 ,5 1 ..5
-yCi 0, 2 0 ,8 I I f1 1 1 1,5 1 5 y 2

■j 1? s',. • a a 1 1,5 1 .5 1.5. 2 2 w 2 X nJ

' tv*. 1,5 2 2 2 2 3 3 •S 3 4 , V 6
i>> 2 *>J 3 3 3 3 <4 4 5 6

2 2 nJ 3 4 4 4 4 4 5 6 7
2 3 4 4 4 4 5 5 -5 6 /D

*7. 5 5 5 3 6 6 6 7 ■ 7 8 9
h 3 4 6 6  • 6 6 7 7 7 8

n / o 9 1 0

1 0 4 V 7 7 7 7 7 Oo 8 9 9 1 0 n
■11 s6 7 8 po 8 3 o 8 9 ' 9 i* 1 ‘ 1 2

1 2 5 ? oo 9 9 9 QS 9 c*j 1 0 1 0  ' 1 1 1 2 1 3
1 3 8 Q4 1 0 1 0 1 0 J 0 1 0 1 0 1 1 i 1 1 2 13
14 7 o 1 0 l i 1 1 1 1 1 1 1 1 I 2 1 2 1 2 1 3 14
15 8 1 0 1 1 1 2 1 2 1 2 1 2 1 2 13 13 14 15 16
1 6 H 9 1 1 1 2 1 2 13 1 3 13 1 3 14 14 15 16 17 » fi 1. O

1 0 1 2 13 14 14 14 14 15 16 16 1 7 19 ' 19
:i i i 1 2 13 14 15 15 15 15 16 1 7 ’ 1 8 19 2 0 2 2

!S u 13 14 15 16 16 16 16 1 **? J. ! 18 19 2 2 2 2 23
2 0 i 1 2 13 15 15 16 16 16 i 7 19 2 0 23 24 -\ / £0
25. jj 1 2  • 14 5.5* 16 I 7 1 0 18 19 2 0 2 2 23 -} tr <£.< «/' 2 6 28
2 2 15 1 6 i 7 1 0 19 19 2 0 2 2 24 25 2,7 28 30

14 . 15 I 7 18 1 o i. > 2 0 2 Q 2 2 24 26 27 29 31
24 16 18 19 20 2 1 21 24 26 28 29 3 2 34



Apociidiis

D i .T.rnulsio.r; :C{rcd I m e) K  {y c  I1 o v / 1 in c )

I 945 266696 0..765 Q.,763
1945 300854 0,695 0V 77 4
i m 316605 0,630 0, 804
1947 Mo record 0 ,654 0., 756
1948 1'In record G„6.l 7 0., 732
1949 JIo record Q.,645 0,707
1950 442408 . 0*442 0*626
1950 456680 Q.,382 0,636
I 95.1 459580 0„346 0.561
1 951 462435 Q.,63 8 0.853
1951 4?*6 ■ 0,420 ' 0,660
1 95 2 485149 0„397 0.674
1953 VEC 2L.2 0„4?9 0,682
1954 494603 0,402 0,608
1954 496582 0,383 0.565
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