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1. Introduction.

In connexion with the recent progress in the study of photo-
electricity, the investigation of arc and spark spectra in the region of
ultra-violet emitted by the vapours of various kinds of metals has
become of increasing importance.

Owing to the researches of Schumann, Lyman and others, the
limit of the spectrum in the extreme ultra-violet has been considerably
extended, the excellent literature of these investigations is given by
Lyman®.

The present experiment deals only with the region which can be
examined by a quartz spectrograph, the lower limit of wave-length
being at about 1839 A.U., but as most of the wave-length tables given
in Kayser’s Spectroscopie end at about 4 2100 AU, and further, as
the récent investigations on the spectra in the extreme ultra-violet are
not so numerous, we may state that even in this easily accessible re-
gion between 4 2200 and 2 1830, our knowledge of the arc and spark
spectra of various metals are far from being complete.

Below we give very brief resumé of the results obtained by a few
recent observers.

The results obtained by ILyman for the elements A4/, Ca, S7, Ba.
and Mg are given in the appendix of his monograph above cited, they
are mostly confined to the spark spectra of these elements.

In 1909, Handke® published the results of his experiments ob-
tained by using a vacuum prism spectrograph of the Schumann type.
The elements investigated were Ag, 4/, Aw, Cu, Hg, Mg, Sn, Zn. A

1 The Spectroscopy of the Extreme Ultra-Violet, 1914.
2 Diss. Berlin, 1909.
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similar instrument was employed by Wolff! who investigated the vacu-
um arc spectra of Zn, (& and Hg.

In 1914, L. and E. Bloch® published the preliminary report of
their investigations on the extreme ultra-violet lines in the spectra of
some kinds of metals. In this experiment, they employed a quartz
spectrograph having a large Cornu prism. The spectrograph was
specially modified for photographing the extreme ultra-violet region,
the lower limit of wave-length being at about 1850 AU. It is stated
in their paper that by employing a vacuum spectrograph, they ob-
tained the photograph extending down to 1400 AU.

In all the papers above cited, excepting that of Wolff, the spark
spectrum only is investigated. Quite recently Saunders® has published
his investigations on both the spark and the vacuum arc spectra of
several metals in the extreme ultra-violet. Although the arc spectra
present a very few lines in the extreme ultra-violet, they are of inter-
est in connexion with series relations.

Previous to these investigations, Eder* examined the spark spectra
of a greater number of elements in the ultra-viotet region, but except-
ing the case of aluminium, the region investigated extended only down
to 2100 AU.

For some kind of metals, further data are to be found in Eder
and Valenta’s® “ Atlas Typischer Spectren.” Excellent photographs of
various spectra in the extreme ultra-violet are reproduced in Tables
LIl and LIII. But it is to be remarked that in every photograph the
intensity begins to fall off very rapidly in the region near 4 1900 AU.
- With a view to extending the aforesaid investigations and also
comparing the spark spectra with those of the vacuum arc for some
elements in the region above cited, the present investigation was under-
taken.

2. Arrangements,
Two quartz spectrographs made by Hilger, each furnished with
a Cornu prism having faces of 65x 41 mm. (length of three equal sides

x height) and of 21 x 13 mm. respectively were at our disposal. The
larger one gives a dispersion of 5 A.U. per mm. at 4 2100 AU,,

1 Ann, d. Phys., 42, 836 (1912).

2 Jour. de Phys,, 4, 622 (1914). C. R. 158, 784, 1416 (1914).
3 Astrophys. Jour., 43, 234 (1916).

4 Ber. d. k. Akad. d. Wiss,, Wien 122, 607 (1913).

5 Atlas Typischer Spectren, 1911,
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while the smaller one a dispersion about 15 AU per mm. at 4 2100
and 7 Au. per mm. at 4 1900 AU.

Without a special modification it was impossible for us to photo-
graph the region below 2 2100 AU. with the larger instrument, while
with the smaller one, the spectra down to 2 1830 AU. appeared with
considerable intensity.

For the production of spark, we have employed the sparking ap-
paratus of Hilger, consisting of a I{ K.W. rotary converter and a trans-
former raising the potential up to about 10000 volts, a condenser being
inserted in parallel with the spark.

As the electrodes, we used in most cases metal rods of 2 or 3 mm.
diameter, the spark gap being 3 or 4 mm.

For the purpose of obtaining the vacuum arc spectra, we employed
the lamp using a Wehnelt cathode as originally designed by Janicki'
and afterwards modified by Wali-Mohammad?.

In order to obtain the photographs of spectra extending to the
extreme ultra-violet part, some further modifications were necessary.
The lamp is shown in Fig. 1.

The glass tube 4B is about 20cm. long and has a diam, of
35 mm. The upper end of the tube has a rim of 3mm., to which
a quartz circular disc of diam. 4 cm. and thickness 2mm. is attached
and sealed air-tight with sealing wax.

The lower end B is protruded, and comes in contact with the
conical ending of C, both surfaces being well ground to fit each other.
The lower tube is about 5 cm. long. The outer side of the tube AB
is covered by another glass tube 4’8’ with a gap of I mm. between
them, the outer diameter of 4'B’ being 40 mm. The upper and lower
ends of the gap between 4B and A’B’ were stopped by rubber tubes,
and the inner tube A8 was cooled by the water current.

1 Ann. d. Phys., 29, 833 (1909).

o

2 Diss. Gottingen, (1912).
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Fig. 1.
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The central portion of Fig.

1, showing the anode and the
cathode, is given enlarged in Fig. 2.

The cathode consists of a platinum foil 0-0z mm. thick, 30 mm.
long and 5 mm. broad.

By cutting the tops of the two brass rods D (of 3 mm. diam.),
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narrow slits were made and both ends of the platinum strip were
inserted in them, the strip being slightly curved around the anode 4.
' The small screws S are to secure
good contact of the platinum foil
with . With the screw S, was
fixed to the brass rod B of 2 mm.
diameter, leading to the terminals 7;
and 7; on the ebonite stop G as
shown in Fig. 1. The rod £ was

covered by a glass tube for the pur-
pose of insulation.

To make the Wehnelt cathode,

a mixture of barium nitrate and cal-

Ereomems "E  (cium nitrate was dissolved in water

and a small quantity of the deposit

was put on the platinum foil and

heated with a Bunsen burner. The

nitrates are then reduced and the

Qe g g e A g gy

on===<

strip become covered with a layer of
oxide. When lighting the lamp, the
cathode was heated to incandescence by a current of 13 to 17 amp.
at 40 volts.

As the anode, the metal to be examined was put in a small tube
of fused silica 4 in Fig. 2, either in solid or in powdered state. The
dimensions of the tube varied according to the kind of the metal, but
in most cases, the external diameter was about 3 mm. and the inter-
nal diameter 4 mm. the length of the tube being 2 or 4cm. The bot-
tom of this silica tube was stopped by the brass rod K which was
wrappéd in a thin ashestos sheet to fit tightly into the silica tube, the
lower end of X was screwed into the terminal 7; in Fig. I.

Between the terminals 77 (or 73) and 73, a potehtial difference
of 220 volts was applied with a suitable resistance in series. The pro-
cess of lighting the lamp may be briefly described as follows. After
evacuating the tube for several minutes with a rotary oil pump, the
Gaede mercury pump is started and the water current is passed. Then
the Wehnelt cathode is made incandescent by the heating current and
finally the switch for the main current is closed. The strength of the

main current varied from o-1 to 2-5 amp. at 220 volts. The state of
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evacuation was sometimes tested by a discharge in a Geissler tube
connected to a side tube.

In the previous investigation carried out by one of the authors?,
the light from the anode was totally reflected by a right-angled prism
placed at the top, but in the present experiment it was not desirable
to let the ray pass through a large quartz prism owing to its absorp-
tion, so that the small spectrograph was placed with its collimator
vertical and the lamp was brought with its upper end just below the
slit of the collimator.

By cutting suitable windows in the slide put before the slit of the
collimator, the spark spectrum of iron, or sometimes that of silver, was
photographed in the middle part of each spectrum as shown in the
reproduction Figs. 8, 9 in PL. IL

It was so arranged that after photographing the vacuum arc
spectrum of a certain element, the lamp was removed and the iron
electrodes of the spark was brought in its place. By interchanging the
window in the slide before the slit we were able to photograph the
comparison spectrum of iron without touching the photographic plate.

The measurements were carried out by means of a photo-measur-
ing instrument of 15 cm. travel reading to I g, constructed by Hilger.
As the spectra of the elements under investigation appeared on the
photograph closely in contact with the standard spectrum of iron, we
were able to measure both spectra without touching the photographic
plate.

As it was of primary importance to use pure materials for the
electrodes, great care was taken to avoid impurities. But on account
of the war, there was much difficulty in obtaining the pure metals.
Of the metals we have investigated A/, Bi, Cd, Co, S6 were those
prepared by ‘Kahlbaum”, and the others were of * Merck ”, and
were of the guaranteed purity. We are obliged to Professor Chika-
shige of the Chemical Institute for the loan of several samples of pure
metals for which we express our deepest thanks.

The Schumann plates prepared by Hilger were used in photo-
graphing the spectra.

3. Results of the Experiment.
The spark spectra of the following elements were investigated:
Ag, Al, Au, Bi, (d, Co, Fe, Mn, Ni, Pt, Sb, and 71
1 Takamine, Proc. Tokyo Math.-Phys. Soc., §, 31, (1915).
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By using the lamp described in the preceding section as the source
of light, we have tried to examine also the vacuum arc spectra of the
above elements. But we did not succeed in obtaining a sufficiently
strong source for some elements such as Fe or #%; further, some ele-
ments showed no intense line in the region of extreme ultra-violet, so
that we describe below the vacuum arc spéctra of only three elements
Bi, S and 77.

For the measurement of wave-lengths, we have taken the values
_given by Bloch for the following five lines in the spark spectrum of
silver as standards, and interpolated the other lines. The values given
by Bloch are expressed in the international Angstrt")m unit, and not
reduced to vacuum.

Standard silver lines :

Intensity A
5 199365
5 1956-88
5 1916-28
4 1879-60
2 185561

Owing to the small dispersion of the instrument, the accuracy of
our measurement was only to the first decimal of an Angstr(")m unit.
In the region under investigation, one division of the drum of the
photo-measuring microscope corresponded approximately to o-I Au.
but as in the case of measuring thick or diffuse lines the error of
pointing may sometimes amount to 2 or 3 divisions, thus incurring an
error of 02 or 0-3 A.U. in unfavourable cases.

We have taken about 6o plates in all, on each of which more
than 10 different exposures could be given by displacing the plate.
The time of exposure was several minutes in most cases for the spark
spectra, and 10 to 20 minutes for those of the vacuum arc.

After each measurement, the lines were carefully exdmined to
eliminate the air lines and also those lines which could be identified
as due to impurities. In the case of the vacuum arc spectra, zinc
lines sometimes appeared on the photograph, especially when the plati-
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num foil burned out during the exposure. But there was no great
difficulty in identifying these lines.

The results of the measurement are given below separately for
each element, and the values obtained by Bloch, Handke and others
are also given for comparison. It is to be remarked that the results
of Handke, and also of Saunders, which were expressed in wave-length
reduced to vacuum, are changed to those in air for the sake of com-
parison.

(1) Ag

As stated in the paper of Bloch, the spark spectrum of silver
shows many lines in the extreme ultra-violet which are evenly distri-
buted, so that the spectrum may conveniently be chosen as the wave-
length standard. .

In the region between A 2000-1855 A.U., our results agree quit
well with those of Bloch, excepting the following faint lines which
appeared on all of our photograms : '

Spark spectrum of Ag (No. 1).

Intensity A
I 19896
I 885
2 306
4 1862-7 (Handke 18623 [Int. 57)

The figures given by Handke show some discrepancies as already
noted by Bloch.
Below 2 1855 A.U., we have found the following lines:



The Spark and the Vacuuwm Arc -Spectra of Some Metals. 125

Spark spectrum of Ag (No. 2).

Takamine and Nitta Handke T and N Handke
Int, | Y Int. ) Int. ) Int. )
1 1852:9 5 1852:8 — 3 18350
I 487 5 488 2 18326 3 334
— 5 461 1 © 306 4 312
386 5 389 —_ 5 280
370 4 375 3 263 4 26'5
(2) 4f

It is well known that the spark lines of this element are con-
venient for the orientation of lines in the region of the extreme ultra-
violet. Qur results are slightly different from those of the former
invéstigators. ‘

Instead of the single line at 4 1862, we obtained a double line;
and a faint new line was observed at 1855 as shown in the following
table :

Spark spectrum of A/,

Int. IS

1989-8
352
303

18621
615
574
55°3
540

o PN N OO

SN - W

(3) Au :

The only investigation hitherto published extending below 4 2000
is that of Handke, who measured the wave-lengths of spark lines in
a wider range than ours. As in the case of silver, there are many
discrepancies.
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Spark spectrum of Au.

T and N Handke T and N Handke
Int. A Int, A Int, A Int. A
8 2000°2 — 2 19180
2 1996-0 —_ 1 109
8 91-8 - 3 09'4
4 892 — 1 07:6
X 845 3 1904°1 5 050
8 77°5 - 003
2 727 2 r972°7 - 2 18994
— 2 582 4 18902 6 90§
X 57'5 2 575 4 860 6 870
—_ 2 56-0 X 846 —
1 557 3 556 I 803 2 808
1 54'5 - 4 79°2 4 797
3 | 51-8 "4 51-8 - 1 745
480 3 483 2 753 6 720
— 3 47'5 - 2 656
1 46.0 — 4 618 5 62°K
1 44t 440 - 4 59'6
- 2 429 2 584 3 585
1 388 1 390 I §7-0 4 567
2 37°5 3 380 —_ 4 527
2 350 3 354 1 520 4 520
1 340 2 34'5 1 509 4 504
2 315 3 31-8 2 49'6 3 492
1 306 — — I 467
1 29'1 2 29'3 ‘ — 4 45'3
— 1 270 1 440 —
— I 260 1 41'5
245 7 254
6 207 7 21-8
6 188 6 19'4
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The region below 4 1923 AU, with the comparison spectrum of
Ag spark, is reproduced in Fig. 3, PL L '

(4) Bi ' ,

In the region between R 2061-7 and 19026, Eder and Valenta'
gave seven lines, to which Bloch added two new lines. Besides the
lines obtained by them, we found two more lines. It may be remarked
that the line 4 1902:4 appeared with considerable intensity in our pho-

tograph, a few seconds exposure being sufficient to photograph the
line.
Spark spectrum of 7.

T and N Eder and Valenta Bloch
Int. by Int, A Int, 2
I 1990-2 — —
4 88-9 1 19886 —
2 733 — 3 197315
2 597 — 3 5963
5 539 1 54'5 —
2 102 —_ —
10 026 1 026 —_

The extreme ultra-violet part of the vacuum arc spectra of bis-
muth has not hitherto been investigated. We have found three lines
below 4 2000, which appear also in the spark spectrum.

Vacuum arc spectrum of 57

Int. A
2 19597
2 539
3 026

A reproduction of the vacuum spectra of 57 with the comparison
spectrum of Fz spark is shown in Fig. 8, Pl II.

(5) (@

The former observations on the spark spectrum of this element are

1 Atlas Typischer Spectren, 148 (1911),
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those of Eder and Valenta, Bloch, Saunders, and McLennan  and
Edwards'. The last mentioned authors have employed a spectrograph
consisting of a train of fluorite prisms. In the following table, our
measurements are compared with those of earlier investigators.

Spark spectrum of (4.

McLennan .
T and N Bloch & Edwards T and N Bloch M and E
Int. by Int. A Int. A Int| 2 Int| 2 Int. b\

6| 19948 | 3| 199478| 3| 19951 2| 1910.6 | 1| 191930 3 | 19196

1 891 — 1 892 I 44| 1 1450 —
— — |1 798 2 006 2| ooyo| 6 or-x
3 774 | 2 76:851 2 7771 — 1| 180828 2 | 18992
I 750 — — {1l 18967 | 1 96-64 —
—_ — 1 704 — 1 8778 —
‘3 658 | 1 65.44| 4 654 2 8421 1 8408) 2 831
{1 653 — — - — 1 778
1 62:4 — — 6| 732 4| 7337| 6 738
1 61-6 — — 1 6771 1 6773 —

-

1 567 1 56-81 — 653 | 1 65°34 —_

_ — 1 456 4 5581 3] 5610] 6 56-4
2 41 1 4385 — 4 552 | 2| 5532 6 553
2 425 | 1 4261 6 429 3 507 — 7 506
4 392 2 3891| 4 39-2 2 437 — 7 441
31 304 — —
3 214 | 2 2155 | 4 219
6

For the spark spectrum of this element in the extreme ultra-
violet we have only the data given by Bloch in the region 22174~
1873 AU. We have not measured the part above 2000, but as shown
in the following table, we have found many lines below 1930 AU.

1 Trans. Roy, Soc. Canada, 9, 167 (1915).
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Spark spectrum of Co.

Tand N

Bloch

T and N Bloch T and N Bloch T and N
Int| 2 Int| 2 Int.| X Int) Int.| X Int. A Int] A

4 | 1999-0| — 1 | 19420 — lx 19075 — 3 | 18615

99-3 —_ 2] 416 1941°64]| 1 060 — 2 59'9
2| 962 1|199644|] 8 40°2 40.52|f 1 051 — 2 542
2| 947 1| 9467|| 2| 394 3| 3941|] 1| o039 — I{ 537
2| 933 1 gz2-52|| I 370 — I or-o I |190083|] 2 534
2{ 9o8 — 4 366 1 36:85|] 1 felol ¢ — 3 520
5 890 3 88851 1 362 2 36-26]1 1 | 18996 — I 508
3| 86s5f 1| 8638l 1| 355 — 1| 961 — 1| 490
2| 843 t| 8416(} (2| 345 2| 3421f] 3| 952 1 |1805ay|| 1| 470
2 832 1 8324 2 340 — 1 937 — I 463
2] 803 1 8o-62)] 2 338 — 2 914 —_ 4] 451
4 794 1 79321 X 339 1 3241] 1 901 — I 440
2 780 1 7818} 1 303 1 zozol| 1 897 — 1 435
3| 763 7625]| 1| 297 — || 2| 88 — 2| 42
5 74°2 74'13]1 2 29-0] 2906[| 1 87.7 — I 390
2| 720 — 6| 280 4| =2786|| 1 863 —_ 31 384
3 710 I 7r09)| 2 271 1 2697 1 849 — 363
5| 696 4| 6925]] 1| 253 — 1| 840 — X 347
2| 683 21 6815]| 2 24.9 —_ 1 824 — 1 340
4| 628 2| 628 1| 240 —_ 3| 8rz2 1| 8rs2f| x 280
3 606 1 6061 1 23’5 —_ I 8o-7] —
2| 586 5 58581 226 1 22:62f] 1| 800 —
6| 567 5 56-58|] 22-0) - 2’| 4785 —
5|/ 553 3| 5504]] 1| 202 —_ 2| 766 —
4| 543 4| 539} 3| 183 3! 1844{] (x| 745 —
3 534 1 5306]{ 3 168 16:98|{ {2 74'3 —
2| 524 1| s230|| 1| 157 — | "] 737 —
2| 503 1} se31f| 1| 145 — — | 1| 7294

50'5 — 1 13'5 — 1 720, —
6 498 3 5009l 1 12°5 — 4 712 —_—
] 494 4| 4831)] 1| 118 — | 679 —
I 485 — 3 1001 1 10'16]| 3 666 —
I| 462 2| 4600 09-2| — 2| 630 —_
1 448 1 44°43|l 3 08.3 —_ 2 624 —_
2 437 1 4346 ' I o7.7] 1 o7:85]| 2 621 —_
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Fig. 4, Pl L is the reproduction of Co spectrum with 4g com-
parison. It may be noted that this portion is not clearly shown in
the publication of Bloch.

(7) Fe

As in the visible and ordinary ultra-violet part, so also in the
extreme ultra-violet the spark spectrum of iron is very rich in lines
and hence suited for comparison of ‘wave-length.

In the region between 42000 and 1915 AU, our results agree
quite well with those of Bloch. The slight differences being that, (i)
the line 1943:64 (intensity 1) recorded by Bloch did not appear in our
photograph ; (ii) instead of the close doublet 193937 (intensity 2) and
1939-13 (intensity 4), we obtained 1939-3 (2) and 19383 (3).

Beyond the line 4 1875, which is the most refrangible line in the
measurement of Bloch, we have found some more lines.

In the following table, we give the results of our measuremen
for the region below 219153:

Spark spectrum of Fe.

Tand N Bloch Tand N Bloch T and N
Int. A Int. P\ Int. X Int. P\ Int. X
4 19143 5 | 191443 3 1891°6 2 | 189153 2 18646
6 133 6 13'40 2 g91-0 —_ 2 62-5
12:3 — 3 g0z 4 goro7 I 62-0
1 11-0 X 10'75 2 883 2 8815 I 61-3
{r 100 {1 1000 3 874 — 3 59'4
I 090 — {3 86-9 2 86-55 1 580
2 06-8 3 0697 2 858 _ 1 571
1 060 I 06-06 3 848 —_ ) 560
1 042 1 04°22 3 820 1 81'54 2 54-0
X 035 - 2 811 " — I 517
I o3o| 3 02:98 2 8oy 1 8039 1 500
1 020 1 01-30 1 8o0 —_ I 487
2 oo8| 2 0044 I3 774 1 7741 I 475
X 18995 — 3 769 1 76-86 2 437
1 983 1 189796 ll 76-1 —_ I 42'5
1 97°3 — 1 71-8 —_ 2 410
2 962 I 96-18 2 707 — 1 39.9
6 949 6 94°90 3 695 -
2 938, 2 9344 1 665 —
2 925 1 658 -
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The most refrangible part of the above spectrum is reproduced
in Fig. 5, PL. I.

Comparing the results obtained for the iron spectrum with that
of the manganese spectrum, we see that the two lines 4 1958-59 and
1914:43, which were suspected by Bloch as due to Mr, are really due
to iron.

(8) Mn
We could not find any former observations for this element below

A2100 A.U. We have found the following lines in the spark spectrum
below 42000 A.U., but all of them are of feeble intensity.

Spark spectrum of M.

Int. A Int. p Int. A

19937 2 19510 1 1897°1

92:8 2 479 2 932

2 909 3 442 2 920
2 900 4 426 I 773
4 892 3 40'9 T 760
2 864 2 388 S 753
4 854 2 36:0 1 s 722
I 850 2 345 1 675
2 825 2 330 I 653
2 787 2 30-8 I : 640
2 754 3 258 4. 62:2
1 710 2 247 1 61-2
3 69-8 3 22'3 I 602
2 69-0 4 202 I 57'5
2 637 2 187 4 542
2 62-8 2 180 I 530
2 61-6 I l 17-0 1 52-5
582 6 148 I 5I.1

557 3 I1.1 I 501

2 542 2 085 1 446
3 531 1 1899-2 I 433
3 522 1 985 1 42'5
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(o) 2+
For this element also, we were unable to obtain the data of any

former observers in the region below 42000 AU. Our results are
tabulated below :

Spark spectrum of P2

Int. 2 Int. A Int. { I3 Int. A
2 1999-2 3 19583 3 E 19255 3 18786
2 96-9 4 546 1 197 1 725
3 952 2 527 2 181 1 715
I 917 2 514 2 17:5 1 710
1 910 4 49'5 1 145 2 706
5 898 2 483 1 135 1 697
1 88-7 2 462 2 12-1 5 665
5 845 5 438 5 112 1 654
1 84-2 3 41-3 2 08-7 1 623
5 832 6 39-2 3 039 X 602
4 793 4 371 1 032 X 568
2 78 2 340 2 o1-6 1 55°5
1 765 2 337 I 18987 b 517
4 715 2 330 1 980 I 455
7c;~o 1 31-8 2 970 I 446
2 695 1 3L'5 4 95-8 b4 ‘420
3 689 2 303 3 94:6 I 395
653 4 29'3 3 939 1 376
1 630 4 285 1 9I-0
1 62.0 4 277 6 842
I 61-3 1 263 3 824

Reproductions are shown in Figs. 6, 7, PL. 1.
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(10) - S& ‘

The ultra-violet part of the spark spectrum of this element was
examined by Schippers and the arc spectrum by Kayser and Runge;
the shortest wave-lengths measured in both cases being above 2000
AU. Schumann has photographed the more refrangible part but he
did not measure the wave-lengths. L. and E. Bloch were the first to
measure the lines from 42068 to 1871 AU. We have added several
more lines as shown in the following table.

So far as we are aware, the vacuum arc spectrum of S& in this
region was investigated for the first time. It is remarkable that the
vacuum arc of this element, which is of very feeble intensity in visible
light, produces a number of fairly strong lines in the ultra-violet part
extending down to 1850 AU.

Spark spectrum of S& - Vacuum arc spectrum of S&.
T and N Bloch T and N

Int. A Int. A Int. N

5 19893 - 5 1989:3
5 850 3 1985:36 5 850
4 Y 3 77°64 3 777
3 719 —_ 2 71:9
3 709 - 3 709
2 560 — t 560
6 498 5 49'64 6 49'g
2 457 — —
2 370 — 2 37°0
5 3rr 4 3083 4 311
5 266 4 26-61 4 266
5 226 22:68 —
2 1899-7 — 2 1899-7
2 989 — —
3 913 — 1 9I1-3
3 903 — 1 - 903
2 826 — —_
2 81-8 — —
4 781 2 187791 —
1 758 — —
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Spark spectrum of S4. Vacuum arc spectrum of Sa.

(Continued). (Continued).

T and N Bloch T and N

Int. A Int, Py Int. 2
1 74°5 — I 74'5
6 704 1 70-58 2 704
3 67:3 — 1 673
1 63.3 p— . I 63'3
2 614 — ¢ 614
3 580 — I 580

The vacuum arc spectrum of S5, with Fe spark as comparison,
is reproduced in Fig. 9, Pl. 1I.

(11) 77

Both the spark and vacuum arc spectra of this element have been
investigated by Saunders!, the most refrangible line recorded by him
being 1812 AU. We have found several new lines in the spark
spectrum in the region 22000~1860 A.U.

In the vacuum arc spectrum we have found two lines which ap-
pear also in the spark spectrum. The element is very convenient for
a lamp using a Wehnelt cathode, since the vaporisation of the anode
material is exceedingly small.

1 Astrophys. Jour. 43, 234, (1916).
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Spark spectrum of 77. Vacuum arc spectrum of 77.
T and N Saunders . T and N Saunders
Int. A Int. A Int. by Int. by
2 19946 — 3 1971-8 —
1 898 _— 2 08-2 10 1908-05
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Summary.

1. The spark spectra of Ag, A/, Au, Bi, Cd, Co, Fe, Mn, Pt, Sb
and 77, in the extreme ultra-violet were investigated by means of a
quartz spectograph using Schumann plates. Relying on the data given
by L. and E. Bloch for 4¢g and Fe spark, the wave-lengths of the
spectrum lines were measured for the above elements in the region
A 2000~1830 AU.

A number of new lines were found for each element, especially in
the most refrangible part. The spark spectra of Mz and ¢ in this
region were investigated for the first time.

2. Employing a vacuum arc lamp provided with a Wehnelt
cathode, the vacuum arc spectra of 57, S0 and 77 were photographed
with the same apparatus and several new lines were found for each
element in the region 4 2000-1850 AU.




Plate |

Fig. 3

Magnification :

8es1
o g - - B
- o
. - = S
a =] o
g § S g
2 3 % 2
=1 < Q ot H
o rm 2=} m— o
(3=} o] =1 en
‘g s o n —— &
¢ o 20 : 8 - =
- = 8681 = = T
Pe6T -~ - LG6T
g $e8T - 9051 T 0081
e | - 6981 - SR el
e 9GST - . - &
SoST —— - e it
GYY | m— - = SRGT e i
- = —
= — - - = oot —
4 — £ o~
T < T — 1A 08T \© :
| e v = - .
GLST e 0881 BN - = i T i &3 it -1
23 = .88l o — ~ T - 9107 )
95T e " —
S = COST —
068 — - — S 63T
2 == ez m—
. b« = — I 06 ,lllowﬁ
COST — — e ———
POGT - €161 - - ”
- s - g
V16 ¢ ——
e — - 0161 — '
- - -
-6l - g Y dror — 9117 wmm— 6397 e———
6161 - B s — .
ﬁ,xmﬂ 9161 - — 1
i Lol [ — =2 =
CT61 mu—— STOL C— - - - 96T s
9681
-y - “ ﬂ
M en o B o0 »
< o < o B A<
o<




Plate II.

1960
1954
1903

» (Bi) —

Bi (Vac. Arc.)

Fe (Spark) " ﬂ & f
Bi (Vac. Arc.)
X (Fe) — g 2 2

Magnification: 7

Fig. 9

Sb (Vac. Arc.)
Ee (Spark)
Sb (Vac. Arc.)

r 10 "N (=2 -
L (Fe) — = 35 22
& 2 ®? 2

Magnification : 9




