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ABSTRACT 

Thr centre-to-limb variation of the equivalent widths of 55 lines of the neutral litamurn atom in the wavelength 
range 5250A-43ooA 1 ave been studied by the method of curve of growth. The majority of the llnes studied (47 out of 
55) show a systmahc gncretue in equivalent width from the centre of the solar disk to the limb; even in the few remaimng 
caws no reltable evldence is found of the existence of a maxunum in the vanation of equivalent width in the neighbourhood 
of Cos 0 =0*4. The behaviour of the Ti I knes thus appears to be just the opposite of the Fe lines which, according to pre- 
vious workers, show a steady decr8a.w from the centre of the disk to the limb The excitation temperature for the centre 
of the cLsk as derived from the Ti lines measured is about 4540" which is in good agreement w ~ t h  the mean of the 
temperatures determined by Prouso, Menzel, King, and Wrlght, but 1s connderably lower than the value obtained 
by Brrlggencate and Houtgast. According to the measurements reported in the present paper the exutatlon temperature 
decrcn5es steadlly from the disk-centre towards the limb up to the point sin 0=0 .g6 where 1t 1s about 4080' IL 



INTRODUCTION 

In the central frequencies of strong Fraunhofer lines of the solar spectrum the absorption coefficient is so large 
compared with the continuous absorption coefficient outside the hnes that it is reasonable to think of the centres of these 
lines as being formed above the bulk of the photosphere. However, the levds at  which the centres of the various 
Fraunhofer llnes are formed are different for different hnea; and there is also a gradual lowering of the level at  which 
the wings of a given Fraunhofer line ate formed, as we proceed from the centre of the line, where the level is relatively 
high, to the extreme w g s ,  where it is almost co-extensive with the photosphere. Furthermore, at  the centre of the 
disc the observer perceives radiaaon from deeper and hotter layers, while near the limb from more superficial and cooler 
1 lyers. Thus the constitution of the solar atmosphere is much too complicated to be represented by any simple model 
d xlved from observational data so far as available at present. Nevertheless, a study of the Fraunhofer spectrum, fiom 
t h e  disc-centre to the limb can fumsh much valuable information on the structure and the physical state of the solar 
atmosphere, not obtamable from a study of the continuous spectrum. 

Stuhes of the centre-to-limb variation 6f Solar Fraunhofer lines have been made by many observers among whom 
mention may be made of Royds and Narayan ( I  g36), M.G Adam ( I  g38), Shane ( I  941 ), Men (I g49), Charlotte 
Peeker and Jean Pecker (I  949), Barocas and Righim (I 95 I),  Suemoto (I 95 I),  Houtgast (I 942), (I g y ) ,  Priester 
(1953) and Scheffler (1955). However, except for the proneering work of Righlnl (1933) on the centre and limb spectra 
and the investigation of two Fe-multiplets near the limb by Bruggencate and Houtgast (1g41), very few observational 
stu&es appear to have been made of the centre-limb variation of the equivalent wdths of' the solar Fraunhofer hnes by the 
method of curve of growth w t h  the help of the ava~lable experimental gf values* The present paper aims at  contributing 
in s3me measure towards the filling of tlus lacuna. 

Observational Material. 

The experimental arrangement for this invest~gataon was as follows A metal disc mounted upon an adjustable 
stand was placed just in front of' the slit of a large plane-grating spectrograph** in Littrow mounting. Sun-light re- 
flected by a 45-cm Foucault siderostat was focussed by a 30-cm photovlsual okgective to a solar image of about 60 mm 
diameter on t h s  disc. The disc, which was capable of being turned round its centie, had a circle of the same diameter 
as the solar image engraved upon it. The image was carefully gmded over thls circle. The disc had a graduated slot 
through which a brass strip containing a tiny, central hole could be moved. With the help of this device, light from 
any desired point of the sun's image could be adm~tted into the spectrograph. The exposures were made for the various 
points of the solar disc successively on the same photographic plate. In addition to the solar spcctra, each plate contamed 
a series of varylng density marks for determ~ning its characteristtc curve. 

The standardisatio? marks were obtained with an auxiliary plane-grating spectrograph using a previously cali- 
brated step-slit uulformly i~urnmnated by a Phdips tungston ribbon lamp fed by a bvolt accumulator with a currcnt of 15 

to 16 amperes. The procedure for lmpresnng the density marks on the plates was the same as described in the work of 
Das and Rarnanathan (1953) 

The spectrogram were obtained in the second order of the grating on several days in the early hours of the 
morning during the months of December, January and February 1954-55 when the seeing conditions were good. The 
photographic plates 8i" X S i n  used were Ilford Process for the region 43ooA-46ooA, ILford Selochrome for the region 
46ooA-50ooA and Ilford Special Rapid Panchromatic for the region 5oooA-5gooA. All the plates were developed far 
5 minutes m M.Q. developer, taking the usual precautrons to elmnate Eberhard effects. I t  ~ a . 1  found that an exposure 
varying between 8 and 20 seconds gave quitable densities hrith the step-slit for m~crophotometry in all the regions, while 
the exposure times for the spectrum of the centre of the solar disc vaned between 3 and 7 seconds The ratio between 
the exposure time for the solar spectrum and that for standardisation was always less than three. For this ratio, it was 
assumed that the characteristic curve of the plate was not affected. Slnce we are concerned in thls work only with the 
equivalent widths of the absorption lines, the exposure times were gradually increased as the points away from 
the centre of the disc were exposed, so that use could be made of one and the same charactenstic curve for the 
various spectra from the centre to the limb. It should be mentioned here that the exposure tune for the limb never 
exceeded that for the standardisation spectra. - --- 

+While the praent paper was golng through the press, a paper by M Bretz (Veroff Urn Gott Nr 112) dealing with the same problm 
was received. It is lnterestlng to note that in the range Sin 8=0 to Sln 0=0 96, there 1s no essential d~ffcrcnce between our values and those 
of Bretz 

*+Thu is the same spechograph as was described and used by A K. Das "and K. D Abhyankar in their paper in Vssda~ i ja Astsononw 
Volume I., Pergarnon Preas, London, 1955. 



Mzcrophotorneter Records 

The plates were analysed with the Cambridge recording microphotometer of h s  obselvatory. Each spectrum plate 
was placed with the direction of dispersion parallel to the direction of its motion m the microphotometer. To  ensure 
exact parallelism, the scanning spot of light was first brought to one end of the spectrum and was adjusted to bc on 
the centre of the spectrum The plate was then moved so that the other end of thr spectrum came under the scanning 
spot of light. If the direction of dispersion was not parallel to that of the motlon of the plate, the spot of light would 
not fall on the centre of the spectrum. In that case, the plate was rotated around a vertlcal ~ Y U S  by means of the screw 
provided for this purpose and was also moved crosswise untll the spot of hght was on the centre of the spectrum. The 
plate was then run backward to the oilglnal position and the adjustment was made again. This process was rcpeat- 
ed untll the spot of light rema~ned on the centre of the spectrum all along the entlre length of the plate. As the same plate 
contained the spectra of va~lous polnts from the centre to the limb, it was necessaiy to make th s  adjustment only once 
for each plate. For the tracing of the Fraunhofer lines wlth the microphotometcr, the fast rotation of the drum was used; 
this had a magnification of 50 on the recordrng paper Thus a mean dispersion of r 435 Aim on the plate was 
magnified into o 287A/cm on the record. In order to allow for any change in the sensitivity of the mcrophotometer, cali- 
bration marks were registered on the traclngs both before and after each iun along the spectrum. The scanrung slit 
of the microphotometer was adjusted to a w~dth of o 03 m n  whlle the slit of the spectrograph had a width of 0.04 mrn for 
photographing the spectra, so that the resolving power of the spectrograph was maintatmed in the mcrophotorneter tra- 
cings. 

For each plate four micropl~otometer tracings of the standardisatloll spectra were made at equal wavelength in- 
tervals and each record was used lbr about 75 A to convert densities Into ultensities. 

Fifty-five lines of the neutral Titanium atom chosen according to theil membership in multiplets and according 
to the availability of expeximental gf values (see Table I) were indentlficd by comparing the micl ophotometer records with 
those m the Utrecht Photometric Atlas of the solar spectrum. The  wavelengths used were those given In the Revlsed Row.. 
land Table. The density profile of every Identified line was converted Into an Intensity profile fiom the standardisation 
curves in the usual way. The value of r, the ratlo of the lntens~ty at a point In the l ~ n e  to the Intensity of the continuum, 
was determined; from this, by the trapezoidal rule, the area corres onding to (I-r)dX was obtained giwng the equi- 

~ndependent measures. 
E d valent wldth (W) of the line m question. The equlvaIent wldths of all t e hnes use were deterrmned as an average of three 

Sources of Error 

The follLwiwing principal sources of error should be mentioned : 

(a) Diffuse light inside the spectrograph Suitable colour filters were used to allow only a few hundred  angstrom^ 
to enter the spectrograph Stops at suitable places inslde the spectrograph further reduced stray light. In  actual 
practice, the amount of stray llght was found to be negligibly small , in any event, the presence of a small amount 
of scattered light would not materially affect the equvalent widths, 

(b) Finite resolving power of the spectrograph T h e  finite resolving power would considerably affect the profile of 
the spectlal line. But it would scarcely affect the equivalent wldth of the h e ,  particularly with the high db. 
perslon of I 435 A " ~ n  used here. As we were concerned with the total absorption m the line, no correction L was necessary on t account. 

(c) Poor guidmg of the Image: This, especially near the limb, would sometimes produce a non-uniform density 
across the width of the spectrum. As all the plates used were very nearly uniform, this effect must have been s m a .  
Only those plates were used for which it was possible to keep the image steady on the metal disc without any 
nohceable drift d u m g  exposures. 

(d) Focussing of the plates : Before making the microphotometer records the plate grains were focussed in the attached 
microscope. Errors ln the focussing were expected to have little effect on the traungs, as had been shown by 
Thackeray (1933). Nevertheless, the focus was tested, immehately before the tracings were made, over the e n t k  
length of the spectrum and it was always found to be uniformly good. 



Construcbton df t h ~  GUYUB Of Growth. 

Following the method due to R.B. King and K 0. Wright (1947) for constructing the empirical curve of growth, the 
1 ~ ~ s  were separated into five groups having common excitation potentials of o ooo, o 034, o 816, o 926 and I .6 I 7 volts. 
A curve of growth was obtained for each group of lines by plotting log W/A against log where log qf -log qo+log gf?- 
5040 - El + log - il. + log 4,. In  this expression v i s  a quant~ty proporhonal to the number of atoms actlve m absorbing 

T 10, 
the line, 

q, is the number of atoms sn the ground state, 

f u the osclUator strength of the line, 

g is the statishcal weight of the lower level, 

T IS the excltabon temperature, 

Er is the exatation potential of the lower level expressed in volts, 

K is the mean absorption coefficient, 

Kh is the continuous absorption coefficient for the wavelength h, log KiICh and a log qo are both correction terms and 
log 4, is an addihve constant whch can be ignored for the construction of the empirical curve of growth. 

The factor log EIIU which corrects for the wavelength variation of the cont nuous absorption coefficient was taken 
from Munch's observational determination (1945). 

The factor a log lo reduces all lines to a single value of the darkemng coefficient Bo/Bl. Wrubel (1950) has given the 
correctionsnlog I), for converting all the nleasurements to the same value of Bo/B,=2/3. With the boundary temperature 
of 4656% for the photosphere derived by Munch ( I  945), B,/Bl was calculated from the ' ormula B0/B,=8/3 KI~k~o/hc .  

h c  expressed m the usual notahon. It was found that Bo/B, vaned from a 23 to o 33 as A varied from 40oo;A to 
.~(r-e a?;) 
5500A. As the lowest value of B,/B, ln Wrubel's tabulation is 113, the correciion~log yo could not be determined in the 
present case. However, the correcbon, being always small, would not affect the shape of the curve of growth, nor the 
determination of the excitation temperature. 

The relative gfvaluev for T i  I lines were taken from the work of R.B King and A.S. King (1938). The valuu, of log 
T I  were obtiuned for each hne by uslng for E, the difference between the excitation potenbal of the lower term of the line 
and the colnnlon excitation potential Ei adopted for its group (Boltzmann correction). For this purpose the excitation tern- 
perature of pj50°K, determined by Wright (1944)~ was first adopted Thus wthm each group, all the lines were reduced 
to the common excitation potenhd for the group by subtracting the hfferences A from log gfh. Hence in all cases log W/h 
was plotted as ordinate against log =log gf X+log R / ~ ( - - ~ O ~ O / T ( E ~  -- ~i ) as abscissa The values of log q~ arc given in 
Table I and the equivalent widths W are listed in Table 2. In these tables, the wavelengths are given according to the 
at~angement in Moore's Mdtiplet Table Of Astrophysical Interest. If the values of the equivalent widths for the 18 linr~ 
of T i  listed by Barocas and Righini (1951) are compared wth those obtruned in the present paper, one finds that in 14 
our of 18 cases the Arcetri values are larger, the average ratio W (Arcetri) for these 14 cases being I 17. In the rcmaintng 

W (Kodaikanal) 
4 cases however the Arcetri values are shghtly smaller, the average ratio W (Arcetn) being 0.92.  Another interesting point 

W(Kudaikand) 
whiJl is apparent from Table I1 n that out ofthe 55 Ti lines measured 4.7 lines show a systematic increate of equivalent 
width from the centre towards the lirnb up to the point Sm 0=0.96; in the remaining 8 cases there is some irregularity 
in ~e centre-to-limb variation of the equvalent width at some points of the disk, but no reliable avidenee of a rnaxlmum 
around cos 0=0 4, which was found by Barocas and Righni It IS d~fficult to be sure as to whether or not a maximurJ. 
of kind found by these authom exlsts at some point farther towards the h b ;  for this purpose it would be necessary to 
make a precise determination of the position of the lirnb. According to the measurements here teported therefore the 
behaviour of Ti lines, within the limits of accuracy of these measurements, seems to be quik different from that of the Fe 
lines as ohrlerved by previous workers. 



since the curves of growth for different groups of lines were plotted for different common excitation potentials, they 
were displaced along the log qf axis according to the excitabon potentral. There wzre five groups of lines and hence five 
shlfted segments of the curve of growth The curves were sMted back and forth-along the log qf axis untll the best pos- 
sible fit of all points to a composite curve coincid~ng wlth the 0-volt curve was obtained. In all cases, the abscissa shift 
n log  y given in Table 111, was carefully determined This shift was plotted against the excitat~on potenbal and the best 
straight line was fitted to these polnts by the method of least squares Sincenlog 71 =504o/~E the slope m of the straight 
kne gave 504o/T from which the excitation temperature was determined Thls tempsrature represents the mean taken 
over the atmospheric layers producing the lines. The third column of Table IV pves the exatation temperatures derived 
by this method The value of T=4540°&go0 for the centre of the disc according to our measurements of the Ti 
llnes is very similar to the mean of the temperatures determined by Prouse (194.2)~ Menzel (1938), &ng (1938) and Wright 
1944)~ but markedly lower than the value obtained by Bruggencate and Houtgast (1941 ) Our measurements also yield 
a systematic decrease of excitation temperature from the dlsk-centre to the krnb. 

In conclusion it is my pleasant duty to thank Dr. A. K. Das, Deputy Director-General of Observatories, for his guidance 
and encouragement throughout the course of this work. 

REFERENCES 

( I )  Adam M. G. 1938 M.N.R.A.S. 98, I 12. 

(2) M e n  1949 M.N.R.A.S. 109, 343. 
(3) Barocas and Righini 1951, Ap. J I 14, 443. 
(4) Bruggencate md Houtgast 1941, 2s. f. Ap. 20, 14.9. 
(5) Das and Rarnanathan 1953, ZS. f. Ap. 32, 91. 
(6) Houtgast I 942, Dissertahon Wtrecht. 
(7) Houtgast I 952, B.A.N. I I, 475. 
(8) King R. B. and &ng A. S. 1938, Ap. J 87, 24. 

(9) a g  1938, Ap.J-9 871 409 
(lo) KingR.B. and Wright K.O. 1947, Ap.J 106, 224. 

(I I) Menzel, 1938, Ap. J, 87, 81. 
(12) Munch 1945, Ap-J IOQ, 385. 
(13) Pecker Charlotte and Pecker Jean 1949, Ann. d'. Ap. I 2, 9 and 197. 
(14) Priester 1953, Z S . ~  Ap. 32, 200. 

(15) Prouse, 1942, AP J 95, 323. 
(16) Righni 1933, Oss.e.Mem Arcetri 51, 59. 
( 1  7) Royds T and Narayan A. L., Kodai. Obs. Bull. No. 109, 1936. 
(18) Scheffler 1955, Astr. Nachr. 282, 49. 
(19) Shane 1941 Lick Obs. Bull Nr 507. 
(20) Suemoto I 951, Pub. of h t r o .  Soc. of Japan Vol. 2, No. 3. 
(21) Thackeray 1933, M.N. R.A.S. 94, 99. 
(22) W ~ g h t  19441 AP J 994 249. 
(23) Wrubel 1950, Ap J I I I, 157- 



log If 

- 
-1 7524 

1: :a!: 
-2 9457 
-2 9525 

-I 8838 
-1 9791 
-3 1615 
-3 0379 

-2 0380 
-2 1693 
-2 2992 
-3' 7119 

-3 5777 

-0 3221 
-0.421 I 
-0 6352 
-0 8032 

=: $3 
-I 2156 
-I 3614 
-I 5118 

-0 3538 
-0 5029 
-0 8788 

-I 1 42 --I 0i8* 
-1 3199 
-I 1682 
-I 2906 
-1 ' 4504 
-I 3078 
-I 2835 
-I 02815 
-I ,4278 

-2 0954 
-I 2731 

-I 4386 

-2 0733 
-2 4565 

--1 4497 

-I 1134 
-I 2991 

--o 5466 

-0 7524 
-1 0438 
-I 1708 
-I 0967 

-0 8456 
--I 0265 
--I* 1387 

--o 8gra 
-0.9976 
-1 0099 

log ii 
KA 

1661 
1668 
'665 

;:8t 

1718 
I727 
1 g38 

'1 40 

I 865 
1871 
1876 
1860 

1912 

' 1748 
I745 - 
1741 
I739 

' 1736 
1736 

' I794 
' I739 
' I732 

\ 1924 

Multiplet No I h n A U  

i 4 m5210 394 

El m V 

048 
0 2 0  
000 

020 
o w  

048 
0 2 0  
0 2 0  
000 

048 
020 
000 

020 

020 

845 
832 
822 
815 
809 
' 845 
832 - 822 
615 

' 845 

5 

6 

7 

@ 

42 

log gf 

- 
2 3802 
2 2553 
2 1903 
1 1584 
1 1673 

2 2553 
2 I303 
0 9494 
1 0792 

a 1206 
1 3590 
1 4 5 1  
0 4150 

0 5563 

3 7 1 6 ~  
3 6021 
3 4983 
3 3222 
3 2041 
2 6628 
2 8062 
2 7700 
2 6128 

3 7076 

5192 980 
5173 751 
5152 192 
5147 484 

5064 G60 
5039 966 
5009 654 
4997 102 

4681 921 
4667 596 
4656 $74 
4693 79 

4562' 639 

4g81 742 
4991' 074 
4999 5x2 
5007 223 
501 282 

I70 
5020 033 
5022 876 
5074 852 

4533' 251 

43 

53 

75 

77 

109 

I I 0  

I45 

146 

I57 

- 

832 
822 
815 
'809 
' 845 
832 
822 

* 815 
832 
822 
815 
809 

82% 
806 

.896 

I 048 
I 048 

I 062 

I 454 
1'437 

1'454 

I 741 
1 732 
1' 741 
1 732 

1 741 
1' 732 
1'73% 

1.879 

I 8$1 1 8 5  

4534 789 
4535 578 
4535 927 
4536' 056 
4555 494 
4552 463 
4548 '775 
4541' 699 
4512 746 
4518 034 
4522 809 
4597 927 

4326 59 
4314 io6 

4840 886 

4 9 8  773 
4.722- 619 

4 7 5 '  114 

5145 4'10 
5113'449 

5035' 915 

4617- 270 
4623' 103 
439.673 
4639' 570 

44'1' 275 
449.  100 
4.165'816 

4885- ogo 
4899. 9 
4913' 24 

I 

3 5% 3 27 
3 0719 
2 95g0 
2 g404 
2 779 
2 8663 
2 6990 
2 $404 
2 751 
n 8692 
2-  7160 

2 -  1461 
2.892 r 

2- 6628 

2 2041 
1 8195 

I 851j 
9 -  8261 
2 -  6232 

3 ' 99'19 

3 5315 
3 2304 
3 1139 
3-  I 761 

3' 4472 
3 2523 
3 I4 1 

3'5315 
3 4150 
3 '3979 

-1923 - I923 
' I923 
' I923 
' 1915 
1916 

' 1917 
1919 

' I932 
' 1930 
1928 
1926 

3; 
* 1805 

1858 
a 1850 

a 1868 

* 1686 
1698 

.I729 

~ 1 8  I 
18!8 
1862 
1882 

' I932 
' I934 
' I927 

1'787 
' 1785 
' I755 



7 
TABLE ' I1 

Equivalent w l d h  in mA. 
--. 
Sm 0 -+ 
hn A U. 

J. 
5210 394 
5192 980 
5173 751 
5152 192 
5147' 484 

5064 660 
5039 966 
5009 654 
49 7 102 
46i1 921 

4667 ' 596 
4656 ' $74 
4693 ' 79 
4562 639 
4981 ' 743 

4991 074 
4999 512 
5007 223 
501 282 
501g 170 

5020 033 
5022 876 
5024 852 
4553 251 
4534 789 

4535 578 
453% 928 
453 05 
4555 494 
4559 463 

4548 775 
4544' 699 
4512 746 
4518 034 
4522 809 

452 327 i 432 359 

22' ;;; 
4698 773 

4729 619 
4675 1 I4 
5145 470 
5113 449 
5035 915 

o 

92 3 
77 2 
8n I 

35 a 
36 3 

84 2 
79 2 
24 1 
3* 2 
82 3 

78 4 
77 3 
12 8 
11'2 

'34 6 

106 8 
119 4 
125 7 
115 7 
68 8 

r ; 
70 

107 5 
104 8 

96 3 
98 7 

zi: i 
81 2 

809 3 
73'4 

7ii 7 4 
77 a 

91 2 
30 2 

z i  ; 
3g44 

18- 2 

33' 7 
34 7 
27 1 

84 7 

o 8 

106 I 

88 7 
9P 4 
42 2 
43 7 

3: : 
29 6 
41 2 
97 I 

80 7 
g1 2 
15'4 
I3  8 

'44 6 

125 9 
I97 3 
130 9 
130 6 
75 6 

:; 2 
81 2 

126 8 
123 6 

112 I 

109 5 
91 I :; ; 
9"Q z 
67 5 
92 6 
91 8 

1071 6 

36 $ 79 
74 7 
42'H 

21.8 
34 8 

41 i 32 
87 1 

o 6 

96 1 
80 3 
85 4. 
38 7 
39 9 

87 
82 4 

27 2 3 7 
88 9 

81 9 
83 5 
14- I 
12 9 

140 9 

116 7 
124 2 

119 7 
119 6 
73 9 

88 I 

79' 5 
73 4 

116 I 
113 2 

97 6 
99 6 
83 9 
75 4 
85 I 

86 7 
f i84 
80 I 

a4 i 79 

98 5 
3'3 2 
74 6 
72 8 
-99 8- 

19' 9 
39 7 
38.2 

0 9 

109 8 
91 8 
97 6 
43 8 
45 I 

99 8 
93 8 
31 2 
42 4 
99 5 

83 8 
92 a 
17'6 
14.5 

145 8 

130 I 

:;:*: 
136 4 
78 7 

IOO 2 

90 8 
b3 7 

128 7 
126 4 

116 2 
112- I 
97 2 
84 2 
94' 8 

96- 8 

g* : 
94 4 
94 a 

109-8 
37'5 

84 8 7 7 -wq I 

22.6 
35 2 
41'8 
38 6 
87 8 

0 96 

112 8 
94 2 

100 3 

4i'8 4 

102  8 
96' 5 
33' 6 
4-4 5 

IOO 5 

87 2 
94 4 

SO'Q 
15- 7 

I44 I 

194' 9 

;$ ; 
3; g 

103 5 
93 4 
86 3 

1%' 4 
1a8 2 

I ~ I * Q  
116 I 
105 2 
85'4 

IOI g 

98 I 
81-1 
91.2 
96 2 
98 2 

111 6 
39' g 
95 
82* 7 
47-T 

3' ; 
M 
34 8 
go* I 

, -- 
Ratm of equ~valent widths. 
W Arcetri 
W Koda~kanal 

I *  12 

0 97 
0 94 
0' 

0 84 
1.04 

1-22 

1.27 
- -  

1'09 

I *  13 ' 
I '  15 , 
1 .22  
0 91 
I 15 ' 3  

I *06 

1 I 3  

1 I5 
I '  I2 

1'57 



Sin 6 + 
hin AIU. 

A b m a  s M  A log V j  

0.96 
Raho of equlvalcnt widths. 
W Arcetr~ 
W Kodahnal 

Sin 8 

0 
016 

o 8 

0 '9  

dope 
(4 

I 109 
1.152 

I *  180 

1'205 

Excitation temperature T 

1- - 
45 =t 90° K 43g f r ooO K 

&70& 1 lo0 K 

4180h 50' K 


	00000484.tif
	00000485.tif
	00000486.tif
	00000487.tif
	00000488.tif
	00000489.tif
	00000490.tif
	00000491.tif

