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Summary. — Line features as well as the continuum of GG Carinae in the ultraviolet wavelength domain were
described by Brandi et al. (1986) on the basis of a series of high and low resolution IUE spectra for which the line
identifications are detailed here. The present contribution is thus the complement to the above-mentioned paper and
enables the disentangling of the complex and rich spectrum of GG Carinae.
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1. Introduction.

Recently, Gosset etal. (1984, 1985) have investigated
the lightcurve and the radial velocity variations of the
peculiar emission-line star GG Car. We refer to those
two papers for the previous works on the subject. In
their attempt to derive a physical model of the object,
Gosset etal. (1984, 1985), and Brandi eral. (1986)
pointed out several characteristics that ought to be
taken into consideration :

(a) The spectrum of GG Car exhibits permitted and
forbidden emission lines and P Cyg profiles for most of
the Balmer lines during the whole lightcurve. These
lines must originate in an envelope around the primary
star and be accelerated outwards ;

(b) Since the radial velocities show different varia-
tions from line to line, as well as between absorption
and emission components of the same transition, the
stratified envelope is not spherically symmetric but
rather is elongated ;

(c) Absorption lines of Hel as well as a second
absorption component of the Balmer lines appear
around phase 0.45 (P =31920), at the time that a
possible partial occultation (« glitch ») in the lightcurve
is observed ;

(d) Smaller scale variabilities are also probably pre-

sent in the main trend of the light variation observed
in GG Car, thus tending to confirm that at least one of

(*) Based on observations made with the International
Ultraviolet Explorer.
Send offprint requests to : E. Gosset.
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the components could be a genuine variable (Kruyt-
bosch, 1930) ;

* (e) The radial velocities analysed in terms of a binary
system give a mean eccentricity of 0.3 and a mass
function of order 0.02, indicating that the star we see is
the most massive of the system : these values are of
course to be taken with caution, as indicated in Gosset
et al. (1985).

On the basis of low and high resolution International
Ultraviolet Explorer data, Brandi et al. (1986) present
the first study of the star in the ultraviolet wavelength
domain ; they describe and analyse the UV line spectra
as well as the energy distribution. The present contri-
bution complements that of Brandi et al. (1986) in that
it disentangles the spectrum and gives an identification
for the numerous lines (absorption, emission, P Cyg)
that GG Car exhibits between 1232 and 3196 A. A gap
exists between 2100 and 2300 A because of the severe
interstellar absorption «bump» centred around
2200 A, causing the continuum to drop to a very weak
value in that zone ; further, much shorter gaps may exist
corresponding to reseaux marks and/or to interorder
discontinuities.

2. Observations.

The present investigation is based on three high reso-
lution International Ultraviolet Explorer images. One,
image SWP 8936, concerns the short wavelength region
whereas the two others, images LWR 4920 and
LWR 5741, concern the long wavelength one. A de-
tailed log of those observations can be found in
table I(a) of Brandi etal. (1986). The fact that the
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phases of the different spectra are respectively 0.41,
0.38, 0.46, i.e. not very different and very near or
within the « glitch » along the lightcurve (Gosset et al.,
1984, 1985) is to be pointed out. The identifications
have been achieved with the aid of the tables of Moore
(1950, 1952), Kelly and Palumbo (1973) and Kelly
(1979). In addition, comparisons to the published iden-
tifications of the UV spectra of a Cygni (Barbier et al.,
1978) and of ¢ Draconis and of = Herculis (Underhill
and Adelman, 1977) were performed.

The short wavelength spectrum presents many essen-
tially undisplaced lines of interstellar origin which per-
mit to set a zero velocity reference scale which in fact
coincides with the IUE scale. The situation is not as
clear for the long wavelength spectrum: the two ob-
served spectra are shifted one with respect to the
other, and it is impossible to attribute this shift either
to a bad wavelength calibration or to the difference in
phase (and thus in radial velocities) of the two obser-
vations. The image LWR 5741 leads to a spectrum for
which the interstellar lines are almost undisplaced in the
IUE scale. The observed wavelengths reported here are
taken from this image. A line is assumed to be real if it is
also present in the LWR 4920 image.

The results are given in tables I and II. Table I deals
with the short wavelength spectrum and the successive
columns give :

Column 1 : the observed vacuum wavelength.

Column 2 : a flag concerning the observed line :

E : emission line ;

X : affected by a reseaux mark ;

S : saturated i.e. almost zero flux for an absorption
line or containing saturated pixels for an emission one ;

B : blended.

Column 3 :
line.

Column 4:

Column 5 :

Column 6 :
transition.

Column 7 : remarks :

CS = circumstellar (});

IS = interstellar (%) ;

? = identification is doubtful with respect to the
observed intensity or position.

the atom or the ion responsible for the
the UV multiplet number.

an asterisk indicates a zero level line.
the laboratory vacuum wavelength of the

Q) Distinction between CS and IS is explained in sec-
tion 3.4 of Brandi et al. (1986).
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Table II deals with the long wavelength spectrum.
The columns have the same meaning as for table I
except that the wavelengths are air wavelengths. It is
also to be pointed out that the Fell lines that are
double are, of course, all blended, but this has not
been indicated in the table.

In a few areas the signal to noise ratio is poor, in
others the spectrum is so crowded that the continuum
level is hard to determine ; furthermore many absorp-
tion lines are saturated (as indicated in the Tabs.) or
nearly so. These factors do not enable us to give
significant intensity values in addition to the iden-
tification. Nevertheless, due to the existence of complex
features (see for example Figs. 7, 12 and 13 of Brandi et
al., 1986), the identification was not obvious and we
think that tables I and II will be of interest for subsequent
analyses.

The richness of Fell lines is worth stressing: a
detailed analysis of these lines will definitely be worth
performing once enough atomic data and high(er) quali-
ty observations become available.

Furthermore a better phase coverage of the UV
spectra would be the obvious next step in order to
perform a more detailed study of the peculiar emis-
sion-line star GG Car, e.g. concerning the UV radial
velocity curve.
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THE UV SPECTRUM OF GG CARINAE

TABLE 1. — The far ultraviolet spectrum of GG Car in the range 1230-2100 A.
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13664.10 c 1 25 1364 164 1434.40 FE 2 1434, 994
FE 2 103 1364.575 1437.80 :
1365.95 FE 2 - 1638.13
FE 2 - 1366.720 1646.50
NI 3 - 164645.374 ?
1366.30 16446.20
- NI 3 35 1446.748
1367.65 1448.00
FE 2 - 1368.098 FE 2 - 16448.393
1369.70 s 16449.50
NI 2 8 * 1370.136 NI 2 - * 1450.005
1370.20 1453.90
NI 2 8 * 1370.136 cs FE 2 - 1456.308
1370.55 s 1454.30 s
FE 2 - 1371.024 NI 2 7 * 164564.852
1371.80 16454.80
FE 2 - 1372.29 NI 2 7 * 14564.852 cs
1373.30 1456.05
FE 2 - 1373.717 FE 2 - 16456.47
1373.60 1458.90
NI 2 9 1374.075 FE 2 193 1459.311
1374.80 1464.55
FE 2 - 1375.172 FE 2 193 1465.0643
1375.30 16466.80
NI 2 - 1375.822 NI 2 - * 1667.265
1376.00 16467.20
FE 2 - 1376.672 NI 2 3 * 1667.762
1380.00 1473.30 S, X
P 3 7 1380.46 FE 2 193 16473.834
1380.80 1474.00
FE 2 152 1381.250 s 1 3 * 1473.995 1s
NI 2 8 1381.295 16474.40
1381.30 s 1 3 * 1474.380 1s
! 7 x 1381.552 1s 1476.60
P 3 7 1381.76 s 1 3 * 164764.572 1s
1385.60 1483.20
s 1 7 1385.510 Is s 1 3 1483.039 Is
1386.80 s 1 3 1483.233 s
FE 2 - 1387.22 16487.20
1388.10 s 1 3 1487.150 1s
s 1 7 * 1388.435 Is 1492.00
1392.90 BROAD FE 2 - 16492.56
SI & 1 * 1393.755 1494.10
1393.70 B FE 2 - 1494.59
SI 6 1 * 1393.755 cs 1496.00
1397.00 FE 2 - 1496.523
FE 2 350 1397.572 1498.20
1398.60 TI 3 3 16498.697
NI 2 8 1399.026
1402.00 BROAD 1500.00 s
1402.80 SI 4 ! * 1402.770 1501.70 s N2 ! 109. 437
. B .
1405. 10 SI 4 1 x 1402.770 cs 1510.20 NI 2 - x 1502.150
140530 FE 2 - 1405.604 : NI 2 6 1510.859
. 1511.40
FE 2 - 16405.797 FE 3 - 1512.192
1406.90 . FE 3 - 1512.346
FE 2 - 1407.46 1515.30
1408.00 5 FE 2 - 1515-gg
1410.50 FE 2 - 16408.478 525,95 s FE 2 - 1515.
1411.00 NI 2 - 1411.071 1525 s1 2 2 x 1526.7076
’ FE 2 - 1411.47 1526.70 SeX sI 2 2 x 1526.7076 cs
1412.40 1532.80 S
FE 2 47 1412. P 2 1 * 1532.51
1613.10 S, X 12.834 sI1 2 2 1533.432
3 . .
L4135, 90 s FE 2 9 16413.699 1535.40 P2 1 1535.90
NI 3 - 16414.389 ? GA 2 (2) 1536.30
16416.30 FE 3 - 1536.421
X 14164.64 ? FE 3 - 1536.640
FE 2 - 1414.89 1541.90 P2 1 1562.29
1415.30 1564 .30
FE 2 - 1415.75 : FE 2 - 1544.78
1416.40 1548.20  S,B
SI 3 9 1417.237 c 4 1 M 1548.185 cs
1417.20 1548.50 BROAD
FE 2 - 1417.727 . c 4 1 x 1548.185
FE 2 143 16417.744 ¢ 4 1 * 1550.774
1418.40 - 1550.80 B
FE 2 1418.855 c & 1 * 1550.774 cs
1420.30 1558.30
FE 2 - 16420.911 : FE 2 45 1559.084
16422.00 1559.80
TI 3 - 1422.405 . FE 2 45 1560.260
FE 2 - 1422.53 1560.40
1422.80 : c 1 3 x 1560.3095 1s
NI 2 - 1423.212 1560.75
1423.55 . c 1 3 * 1560.6832 s
FE 2 47 1626.0647 ¢ 1 3 * 1560.7079 1s
1424.20 s 1561.50
, FE 2 47 14264.716 : c 1 3 1561.3407 1s
1430.30 c 1 3 1561.367 IS
FE 2 - 1430.780 ¢ 1 3 1561.4382 is
FE 2 - 1430.895 1563.20 s
1432.60 . FE 2 45 1563.788
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1569.80
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1574.30
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1621.10
1622.50
16264.80
1625.40
1628.60
1630.50
1632.00
1633.25
1633.70
16346.80
1635.65
1636.70
1638.90
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TABLE 1 (continued).
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TABLE 1 (continued).

cs

Cs

Cs
Is

1s

cs
is
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1771.90
1773.40
1773.80
1775.40
1775.80
1779.20
1782.70
1784.60
1785.30
1786.10
1786.80
1787.35
1787.90
1790.80
1792.80
1793.50
1794.15
1796.60
1797.60
1799.80
1801.30
1803.90
1807.30

1808.00

1808.70
1811.40
1815.00
1816.20
1816.85
1817.80
1819.00
1820.40
1821.50
1822.00
1822.80
1823.30
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1826.35
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1830.60
1831.20
1831.95
1832.45
1835.30
1837.50
1841.00

FE 2 99
NI 2 3
NI 2 3
FE 3 -
NI 3 -
FE 2 191
FE 2 191
FE 2 191
FE 2 191
FE 2 191
NI 2 5
NI 3 14
FE 2 99
NI 3 14
FE 2 -
FE 2 142
FE 2 -
FE 3 -
NI 3 -
s 1 2
S
SI 2 1
FE 2 142
NI 2 26
FE 2 66
SI 2 1
SI 2 1
FE 2 66
FE 3 -
S 1 2
FE 2 66
NI 3 20
FE 2 -
FE 2 66
Bl 4
FE 2

NI 3 20
MiooR
FE 2

FE 2 66
FE 2 65
FE 2 66
FE 2 98
FE 3 117
FE 2 65

1772.509
1773.949
1773.949
1775.983
1776.068

1785.222
1785.262
1786.738
1786.738
1788.072
1788.485
1791.644
1793.367

1794.904
1795.11

1798.156
1800.45

1801.766
18064.394
1g87:31
1808.0117
1808.0117

1809.316
1812.065
1815.761
1816.9278
1817.451
1818.509
1819.480
1820.343
1822.150

1823.061
1823.888
1825.316

1826.245
1826.991

1831.724
1832.494
1833.071
1835.874
1838.309
1841.701

cs

cs

Is
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1
©
10
1
(%)
1
% TABLE 1 (continued).
1
0
&
L
1842.20 1913.10 $,X
1845. 00 FE 3 1 1843.502 FE g 57 1913.622
’ frW tess:381 s om
. 51 .
184600 FE 2 98 1846.573 1916.40 B FE 2 S
. 96 917.
1848.10 1917.80 1917.337
1845.00 FE 2 141 1848.771 FE 2 138 1918.114
1551.00 FE 3 53 1849.960 1922.10 e s o 1918.284
: 1922.789
FE 2 65 1851.517 FE 2 138 22.
1853.85 s AL 3 \ . Lot 716 1925.25 - 1 1922.797
. 1925.983
1854.60 s AL 3 1 x 1854.716 cs FE 3 £ 1336502
1856.20 : 1928.30 e 1926.304
1857.80 a2 . Lase. 02 1929.70 e . 1929.194
1859.00 B e 2 s 1559'741 1934.60 e o o 1930.387
. .296
185930 X FE 2 97 1860.055 1935.90 X FE 2 ‘ 193529
. 9 1936.
1861.85 AL 2 . Loz 311 1936.70 e 6.799
. 5 .
1562, 65 AL 3 1 * 1862.750 1939.50 e s ! 1937.345
. 61 .01
L8415 AL 3 1 x 1862.790 cs 1940.70 e s 1940.018
. 7 1941.
FE 2 126 1864.656 1942.90 ? 941.633
FE 2 12¢ 1864.743 FE 3 51 1943.481
1865.80 I o 1866, 305 1946.80 e s ) o
. 1945.
186500 FE 3 52 1866.554 1950.30 X e s ! 542
. 68 1951.007
1870, 30 FE 3 52 1869.828 1952.00 N1 3 . 51.00
. 24 952.
187190 FE 3 52 1871.152 1952.80 - 2.540
. F 68 1953.
By e e s
1874.35 e 2 o 1374'931 1962.50 e 1:1 19564.223
. [} 1963.
1876.20 1963.80 963.110
1876.70 FE 2 97 1876.838 E 3 & 1966269
. 15¢4.
FE 2 125 1877.467 1971.90
FE 3 - 1972.245
1877.20 1972.20
FE 3 63 1877.989 FE 3 - 1972.638
1878.30 1974.80
1879.45 1975.50
FE 2 141 1880.046 FE 3 54 1976.126
1880.40 1978.15
FE 3 62 1880.620 FE 3 54 1978.417
FE 2 126 1880.976 1979.30
1881.80 FE 3 - 1980.392
FE 3 62 1882.047 1981.40
1884.40 FE 3 54 1982.076
FE 3 96 1885.125 1993.00
1886.00 FE 3 50 1994.073
FE 3 - 1886.61 1994.90
FE 3 52 1886.757 FE 3 50 1995.266
1886.70 s 1887, 197 199580 FE 3 g0 1995.563
FE 3 . .
1887.00 . it L887. 471 Lo95. 60 FE 3 50 1996.420
1888.10 ’ ’ FE 2 187 1999.430
FE 2 125 1888.733 FE 2 186 1999.462
1890.00 FE 3 52 1890.669 2000.20
1891.90 5 1592'140 2025'35 s FE 2 122 2001.015
FE 3 5 . .
1893.40 ZN 2 1 x 2026.137
L8940 x FE 2 125 1894.006 2026.15 MG 1 2 x 2026.477
: FE 3 34 1895.45¢ 2025'50 ZN 2 1 * 2026.137 cs
4 . .
1896.30 FE 2 12 ! Me 1 2 x 2026.477 cs
FE 3 83 1896.803 2029.10
1897.90 . 1895, 538 S0z 30 FE 2 93 2029.834
2 140 8. .
1898.40 FE 99 2055, 00 FE 2 94 2033.060
FE 3 % 1899.318 .0
1900.40 ¢ 2055, 60 FE 2 109 2055.927
.09 .
1902.10 FE 3 i 1901.0 206,10 CR 2 1 x 2056.25
- .902 .
1905.00 FE 3 1902.9 206180 CR 2 1 x 2056.25 cs
1905.818 .
1906.20 FE 3 %6 8 CR 2 1 x 2062.20
190720 FE 3 108 1906.457 2062. 10 N 2 1 M 2062.662
: FE 3 83 1387577 2062’75 CR 2 1 * 2062.20 cs
E 3 3 . .
1910.10 ZN 2 1 x 2062.662 cs
FE 3 57 1910.401
FE 2 124 1910.669
2065.40 CR 2 1 * 2066.12
2066.10
1 x 2066.12 cs
R 2 109 2066.663
2068.00 FE 2 137 2068.576
2090.00
124 2090.721
FE 3 67 2090.806
2093.30 FE 3 77 2096.172
2097.35
67 2098.149
£t 3 80 2098.176
FE 2 120 2098.176
FE 3 66 2098.361
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1
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(%)
. . .
§, TABLE II. — The near ultraviolet spectrum of GG Car in the range 2300-3200 A.
~
0
&
L .
3 36 3 3 X 3 3 % % X *% * % 36 36 3 3 3 I I I I 3 I I I K K H X X .
o ) 3 %) (5 13} a x e e FE 2 2383.060
x 2382.00 B,S
* 2383.060
b XXEKXXKX HHHHKK KKK X X 2383.40 B FE 2 2 83
2302.00 s FE 2 36 2384.388
02. .
NI 2 11 2302.996 238390 B FE 2 36 2384.388
2311.70 s .
A s NI 2 27 2312.240 2387.20 s FE 2 2 2388.628
2312.30 .
00 s NI 2 58 2312.916 2387.50 s FE 2 2 2388.628
2315. x .
232660 s, NI 2 11 2316.039 239050 FE 2 35 2391.478
: FE 2 35 2331.308 2394.20 )
2331.90 s FE 2 2 2395.420
FE 2 3 2332.799 FE 2 2 2395.624
2333.50 23964.70
NI 2 20 2334.584 FE 2 2 2395.624
2333.70 X 2398.20 S, X
233580 NI 2 20 2334.584 FE 2 36 3399241
’ NI 2 50 2336.712 26401.10 FE 2 2
2336.20 : FE 2 36 2402.597
NI 2 50 2336.712 2403. 60 s
2337.00 s FE 2 2 26064.431
FE 2 3 2338.007 FE 2 2 2404.885
2337.40 24064.20 s
234040 FE 2 3 2338.007 e 2 » 2404.431
: NI 2 50 2341.202 2405.50 FE 2 2
2340.80 : FE 2 2 2606.660
NI 2 50 2341.202 . 2406.00
2342.30 B,S . FE 2 2 2606.660
FE 2 3 * 2343.494 2609.20 s
2342.90 B,S : FE 2 2 2410.518
FE 2 3 * 2343.494 2409.60 s
23643.40 s . FE 2 2 2610.518
FE 2 3 * 2343.494 cs £E 2 s 5411 068
2344.90 s 2410.10 s
NI 2 58 2345.267 . FE 2 > 2411.068
2347.20 s 2612.00 s
FE 2 36 2348.113 . fE 2 2 26413.310
FE 2 3 2348.29% 2612.30 s
2347.80 : FE 2 2 2413.310
FE 2 3¢ 2348.113 2415.20
FE 2 3 2348.299 NI 2 20 2616.134
2353.50 2416.90 e 2 244 2417871
FE 2 35 . .
2355.30 2354.889 2423.20 s
2355.90 NI 2 22 2356.403 FE 5 180 2424144
’ NI 2 22 2356.4 26427.30 s :
2358.10 B 56403 BROAD FE 2 301 26428.292
FE 2 165 2359.111 2429.00
FE 2 165 2359.118 FE 2 180 2430.078
FE 2 3 2359.118 2431.50
g% skl s s EEw
2358.70 B : BROAD . FE 2 180 2634.591
FE 2 165 2359.111 FE 2 301 2434.648
FE 2 165 2359.118 2436.90
FE 2 3 2359.118 NI 2 19 2437.892
Fe 2 3 5328:33% 24e7.40 NI 2 19 2437.892
2360.80 . ) 2438.30 FE 2 209 2439, 302
E 2 35 2362. .
236100 FE 2 35 2342 :20 244%.50 s FE 2 148 2444.515
2363.80 e zssi‘ :: 2444.90 s FE 2 148 2445.573
2365.20 -8 2446.80 :
FE 2 35 2366.591 2457, 60 FE 2 320 2447.755
* . .
23¢5.60 8e FE 2 209 2458.784
FE 3 *3 x 53832 2460.20 s FE 2 209 2461.283
2367.70 e i -864 2460.70 24 ’
2 . 61.860
236930 : 2368.595 ez, 20 FE 2 209 2
FE 2 35 2370. FE 2 208 63.292
2369.50 S 0.499 26462.80 24
E 35 370. FE 64.009
2372.30 2370.499 2464.10 2 208
2372.60 FE 2 * 2573.735 FE 2 a8 34¢2:1%5
: FE 2 2 * 73. . ’
2373.90 s e > . 2273 ::5 2465.00 E 2 208 2465.912
B X L s 3013 2188:43
2379.80 B e o ?.213 2469.70 s 819
3 . FE 179 2470,
2380.10 B e X 2380.762 2471.45 z 79-670
. 2472.
2380.90 55 2380.762 2472 20 . FE 2 179 72.428
FE 2 2 * 2382.036 NI 2 19 2473.148
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1
1.
%)
§ TABLE II (continued).
~
&
—
L
2472.50 B 25646.20
FE 2 148 2 .321 NI 2 57 2547.188
2473.80 473 2547.50 5 FE 2 158 25647.338
FE 2 208 264764.766 . .
2477.70 FE 2 158 25648.589
FE 2 161 2678.449 25648.50 B
FE 2 179 26478.571 FE 2 177 25649.395
2679.00 FE 2 177 2549.461
FE 2 179 2480.115 FE 2 240 2550.027
2481.20 2549.70
FE 2 161 2482.117 FE 2 158 2550.575
FE 2 207 26482.657 FE 2 240 2550.683
2482.80 25564.50
NI 2 61 2484.204 FE 2 177 2555.067
FE 2 263 264864.261 2559. 20 FE 2 177 2555.453
FE 2 400 2486.441 .
2483.30 FE 2 205 2559.774
NI 2 61 2686.204 FE 2 221 2560.281
FE 2 2643 26484.241 2561.00 B,S
FE 2 400 2486.441 FE 2 64 2562.535
26485.40 2561.50 B,S
FE 2 208 2486.343 E 2 66 2562.535
2488.70 2562.40 B
FE 2 161 2489.482 FE 2 66 2563.477
2489.80 FE 2 179 2490.858 256290 B FE 2 64 2563.477
2490.40 2564.90 B BLEND 2565.90
FE 2 207 2491.396 NI 2 62 2565.923
2492.10 2565.90
FE 2 207 2693.186 FE 2 66 2566.912
FE 2 161 2493.184 2566.20
FE 2 161 26493.262 FE 2 66 2566.912
2496.80 2567.20
FE 2 207 2497.819 FE 2 145 2568.409
2497.90 2569.90
FE 2 161 2698.897 TI 2 9 2571.036
2499.90 2572.25
FE 2 357 2500.924 FE 2 205 2573.211
2501.40 2573.50
FE 2 207 2502.393 FE 2 144 2574.362
2502.70 ' 2574.20 E ?
FE 2 161 2503.560 FE 2 144 2574.362
2505.20 2576.15 s
FE 2 207 2506.094 MN 2 1 2576.105 1s
2510.00 BROAD 2576.50
NI 2 18 2510.871 FE 2 66 2577.919
FE 2 161 2511.761 2576.80
2513.40 FE 2 64 2577.919
FE 2 285 2514.383 2577.70 E ?
NI 2 61 2514.627 FE 2 64 2577.919
2515.30 2581.55 s
TI 3 7 2516.053 FE 2 64 2582.580
2516.10 2581.70 s
FE 2 1647 2517.131 FE 2 64 2582.580
2518.20 2582.60 E
2520.10 FE 2 268 2519.046 ) FE 2 64 2582.580
. 2584.40 s
FE 2 268 2521.092 5 FE 2 1 * 2585.876
2520.80 2584.80 S
- FE 2 330 2521.816 FE 2 1 * 2585.876
2522.00 2585.90 s
- FE 2 1 x 2585.876 cs
2524.30 B 2587.10
FE 2 159 2525.388 FE 2 326 2587.945
2525.20 B 2590.20
FE 2 145 2526.294 FE 2 64 2591.5642
2528.50 2590.80
FE 2 177 2529.549 FE 2 64 2591.542
2529.50 E 2591.70
FE 2 177 2529.549 FE 2 318 2592.781
2532.40 s 2592.20
FE 2 159 2533.627 FE 2 64 2593.722
2533.30 S 2592.70
FE 2 159 2534.416 FE 2 64 2593.722
2534.50 2593.85
FE 2 177 2535.486 NN 2 1 * 2593.724 1s
2535.80 2596.90 S
FE 2 159 2536.803 FE 2 1 2598.369
FE 2 159 2536.845 2597.10 <
2537.70 s FE 2 1 2598.369
FE 2 158 2538.799 2597.90 s
FE 2 158 2538.909 FE 2 1 * 2599.395
FE 2 158 2538.993 2598.20 s
2538.60 E FE 2 1 * 2599.395
FE 2 158 2538.799 2599.40 s
FE 2 158 2538.909% FE 2 1 * 2599.395 cs
FE 2 158 2538.993 2605.60 s
2539.60 MN 2 1 * 2605.682 Is
FE 2 177 2540.661 2605.80 S
FE 2 177 2541.101 FE 2 1 2607.086
25640.60 2607.10 E
FE 2 158 25641.836 FE 2 1 2607.086
2542.50 2610.10 B,S
FE 2 159 25643.377 FE 2 173 2611.339
FE 2 177 2543.430 2610.40
2564.10 FE 2 1 2611.873
FE 2 147 2544.972 2610.60
2545.60 FE 2 1 2611.873
FE 2 177 2546.670 2611.70 E
FE 2 1 2611.873
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% TABLE II (continued).
1
£,
&
L
2612.40 2724.80 E,X
FE 2 1 2613.820 FE 2 62 2724.884
2612.70 2726.10
FE 2 1 2613.820 FE 2 200 2727.383
2613.90 E FE 2 63 2727.538
FE 2 1 2613.820 2726.30
2616.40 : FE 2 200 2727.383
FE 2 1 2617.618 FE 2 63 2727.538
2616.80 2727.40 E
FE 2 1 2617.618 FE 2 63 2727.538
2617.40 E N 2729.50
FE 2 1 2617.618 FE 2 62 2730.734
2619.50 2729.80
FE 2 1 2620.408 FE 2 62 2730.734
FE 2 171 2620.695 2730.40 E
2620.20 FE 2 62 2730.734
FE 2 1 2621.669 2735.70
2620.50 FE 2 L 2621.669 FE 2 63 2736.968
- 2736.00
2621.50 E FE 2 L 2621.665 FE 2 63 2736.968
. 36.90 E
2622.60 er FE 2 63 2736.968
FE 2 171 2623.726 2738.10
2624.20 FE 2 63 2739.546
FE 2 1 2625.667 2738.40
2624.50 FE 2 63 2739.546
FE 2 1 2625.667 2739.50 E
2625.60 E FE 2 63 2739.546
FE 2 1 2625.667 27641.80
2627.00 FE 2 62 2743.196
FE 2 1 2628.293 27642.20
2627.20 FE 2 62 2743.196
FE 2 1 2628.293 2743.20 E
2628.00 E FE 2 62 27643.196
FE 2 1 2628.293 2745.10
2628.70 B FE 2 62 2746.483
FE 2 171 2629.590 27645.40
FE 2 171 2630.071 FE 2 62 2746.483
2630.00 S,»X»B FE 2 63 2746.978
FE 2 1 2631.047 2745.70
FE 2 1 2631.322 FE 2 63 27646.978
2631.30 E 2746.55 E
FE 2 1 2631.047 FE 2 62 2766.483
FE 2 1 2631.322 2 63 2766.978
2663.20 27647.60
FE 2 263 2664.663 FE 2 63 2749.178
2663.60 2747.80 s
FE 2 263 2664.663 FE 2 63 2749.178
2664.50 E FE 2 62 2749.320
FE 2 263 26664.663 FE 2 63 2769.48
2665.60 2748.50
FE 2 263 2666.636 FE 2 -~ 62 2749.320
2666.00 FE 2 263 c66. 636 FE 2 63 2749.485
E 2 . 2749.10 E
2666.60 E FE 2 63 27649.178
FE 2 263 2666.636 FE 2 62 27649.320
2683.10 FE 2 63 2749.485
FE 2 283 2684.754 2751.90 .
2683.60 FE 2 235 2753.287
FE 2 283 2684.754 2752.30 S,X
2691.00 FE 2 235 2753.287
FE 2 283 2692.602 2754.20
FE 2 2692.834 FE 2 62 2755.734
2691.40 2754.40
FE % 283 gé;g.ggg FE 2 62 2755.734
. .60 E,S
2692.40 E Fe 2 2 2692.834 2755 ’ FE 2 62 2755.734
. 760.20
2702.80 2 FE 2 63 2761.812
FE 2 261 2703.988 2760.60
2703.40 FE 2 63 2761.812
FE 2 261 2703.988 2766.10
2703.80 E FE 2 235 2767.500
FE 2 261 2703.988 2766.30
2705.40 : FE 2 235 2767.500
FE 2 341 2706 .566 2767.20 E
2707.90 FE 2 235 2767.500
FE 2 218 2709.054 2767.80
2710.80 FE 2 63 2768.934
- FE 2 (201) ? 2768.00
2713.20 FE 2 63 2768.934
FE 2 63 27164.413 FE 2 200 2769.153
2713.40 2768.90 E
FE 2 63 2714.413 FE 2 63 2768.934
2714.10 E 2777.80
FE 2 63 2714.413 FE 2 234 2779.299
2715.00 2778.10
FE 2 261 2716.217 FE 2 234 2779.299
2715.60 2779.00 E
FE 2 261 2716.217 FE 2 234 2779.299
FE 2 62 2716.701 2782.30
2715.80 E FE 2 337 2783.410
FE 2 261 2716.217 2782.50
FE 2 62 2716.701 FE 2 234 2783.691
2723.40 FE 2 295 2783.959
FE 2 62 2724.884 2783.60 3
2723.70 . FE 2 234 2783.691
NI 2 - 2724.725 2790.10
FE 2 62 2724.884 MG 2 3 2790.771
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§: TABLE II (continued).
~
0
e
L
2792.80 FE 2 198 2793.888
2794.20 S e 2 1 = ~ 2795.523
2795.55 S MG 2 1 * 2795.523 cs
2796.30  E,S "o 2 1 = 2795.523
2797.40 ue 2 3 2797.984
2801.30 s NG 2 1 * 2802.697
2802.70 S MG 2 1 * 2802.697 cs
2803.40 E MG 2 1 * 2802.697
2830.30 E 2 217 2831.561
2834.45 FE 2 216 2835.711
2839.30 FE 2 217 2840.649
FE 2 280 2840.758
2862.10 E 2 294 2843.485
2851.10 MG 1 1 % 2852.127
2852.20 S, X M6 1 1 * 2852.127 cs
2854.50 FE 2 196 2855.689
FE 2 195 2856.147
2857.10 FE 2 279 2858.340
FE 2 195 2858.340
2879.20 FE 2 61 2880.757
2879.70 FE 2 61 2880.757
2893.90 FE 2 257 2895.071
2921.50 FE 2 293 2922.023
2925.00 FE 2 60 2926.586
2925.30 FE 2 60 2926.586
2926.40 E FE 2 60 2926.586
2935.70
Zrs MG 2 2 2936.501
: FE 2 78 29464.397
29646.30 X
FE 2 78 2947.658
2946.50 X
FE 2 78 2947.658
29647.30 E
2947 50 FE 2 78 29647.658
2952'50 FE 2 277 2949.178
: FE 2 60 2953.774
2953.60 E
ves. 4o FE 2 60 2953.774
2963.
FE 2 78 2964.629
FE 2 78 2965.035
.o 2964.50 E fE 2 78 2964.629
2965, 80 FE 2 78 2965.035
2969‘30 FE 2 60 2970.517
. FE 2 60 2970.517
FE 2 276 2970.482
2970.60  E
po83. 50 E 2 60 2970.517
: FE 2 78 2984.824
298430 FE 2 78 2985.545
: E 2 78 2985.545
2984.90  E FE 2 78 2984.824
+001. 00 FE 2 78 2985.545
3001‘30 FE 2 78 3002.650
. FE 2 78 3002.650
3002.40 E
FE 2 78 3002.650
3106.20 E
FE 2 vés 3106.559
3195.75  E
FE 2 v7 3196.070
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