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1 Calibration Light Sources for Echelle Spectrographs

Due to the split-up of the highly resolved broadband-spectrum to numerous overlapping or-
ders, Echelle spectrographs require calibration light sources, producing a huge number of
evaluable emission lines, which are more or less evenly distributed over the entire wave-
length range, reaching from blue to red. In the professional sector, but partly also in the
amateur field, mostly hollow cathode lamps with eg iron, argon or thorium are used. Such
are usually quite expensive and some of these substances, released by a possible lamp
break, not really harmless. In addition, a specific high voltage supply is required.

2 Low Cost Alternative

The popular neon glow lamp, particularly used in amateur circles, produces the main part of
the useable emission lines in the red- or long wavelength range of the spectrum. Here it can
possibly be used for the calibration of some individual orders, but it is useless for the over-
all calibration of an entire Echelle spectrum.

The glass bulb of the glow starter RELCO SC480, produced by the Iltalian lighting manufac-
turer RELCO, houses a bimetal switch and contains also strongly different portions of the
noble gases He, Ne and Ar, as well as H (probably generated by dissociation of remaining
water vapour within the bulb). By a simple modification of the starter these gases can be
excited to produce several hundreds of evaluable emission lines. There exist also profes-
sional calibration lamps, using this gas mixture.

3 Modification of the Glow Starter

With minimal electrical knowledge, this unit can, as a makeshift solution and clearly re-
stricted to first indoor tests, be modified to a calibration light source by supplying it with
230V via a series resistor of about 24 kQ. The following illustration shows my modified ver-
sion with 2x47 kQ connected in parallel. For our purposes, the capacitor, applied to prevent
radio interference, can be removed. Before soldering, the oxide layer must be grinded from
the connecting wires. If the switch opens and closes periodically, the value of the series
resistor must be increased (up to >30kQ). The glass bulb of the RELCO starter is so small
that it may be mounted even in to the spectrograph as a fixed calibration light source. How-
ever, for such applications and particularly for outdoor operation instead of a mains supply
the feeding by a low power voltage inverter e.g. 12VDC/230VAC is highly recommended!
Anyway all such modifications remain of course at your own risk!

Modified in such a way, the excited gases in the bulb generate some 240 evaluable emis-

sion lines. Counting also those on all overlapped Echelle orders, this number increases even
to approximately 370. Between the individual starters, the intensity of the hydrogen Balmer
series can vary very strongly. Numerous additional lines, which are not listed here, are gen-
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erated by alloying elements, coatings and dopants, such as tungsten (W), lanthanum (La),
cerium (Ce), hafnium (Hf), thorium (Th), and Fe, Cr, Sn, Ni, Mn. Their identification is difficult
and highly speculative, since for a given line, almost always several plausible determination
options exist in the immediate vicinity.

4  Application for the Echelle Calibration (R = 20'000)

Within the entire range of AA 3888 - 8136 [A], and distributed to 30 SQUES Echelle orders,
all usable emission lines are documented in the following tables. As an absolute exception,
within the order 29 (AA 7600-7900), only two evaluable emission lines are generated by
noble gases, which however are supplemented here by a striking oxygen triplet. In addition,
there are still other calibration options eg with known H,0 and/or O, lines of the daylight
spectrum, during the night reflected by the moon and planets.

The SQUES Echelle spectrograph produces nearly straight running orders which can be
simply processed also individually and applying conventional methods, eg the Vspec or
RSpec Software [25, [26]. This way the modified RELCO starter allows the quick and easy
wavelength calibration for the analysis of individual, highly resolved lines. Also possible is
the somewhat demanding processing and calibration of the entire spectrum with ISIS or
corresponding MIDAS routines, because significantly more than the minimum required
three emission lines are available here. Line pairs which appear scarcely resolved here and
therefore can hardly be selectively marked with the cursor are referred with "Blend" in the
tables. Lines which, due to overlapping orders, appear twice, are labelled in colour. As a
supplement and with relatively high probability, in the rather sparsely populated orders 39,
40 and 43, Ti- emissions could be identified. These lines are additionally labelled with "?".

5 Application for the Broadband-Calibration (R = 900/4'000)

Since neon as well as argon generate numerous and strong emission lines, the formation of
many blends, particularly in the red part of low-resol/ution spectra, is inevitable. Neverthe-
less within the entire wideband spectrum still more than sufficient isolated lines are avail-
able for a reliable calibration of the wavelength axis. The corresponding commented DA-
DOS profiles, recorded with 200- and 900L mm™", are attached at the end of this document
in sect. 8.

Since version 5 additionally the infrared domain is covered up to 10,000 A. Relco SC480
generates here several Argon emissions, sufficient for a reliable calibration. The according
profile was recorded by Joan Guarro Flo (E) — many thanks!

6 Ha Analysis with Conventional Grating Spectrographs

The Ha line is located within the Echelle order No 34. Here also the calibration lines, lo-
cated adjacent to Ha, can be found. For the users of Lhires Ill and ISIS, directly adjacent to
the well known neon triple AAA 6506/6532/6598, two additional argon lines at AA
6538.112 and 6604.853, as well as the Hx emission are available.

7 RELCO Calibration Lines and SQUES Echelle Orders (R = 20'000)

The following charts and tables show the positions of the individual emission lines, distrib-
uted to the orders of the SQUES Echelle spectrograph (R = 20'000). These can be used eg
for the calibration of the entire spectrum with ISIS or MIDAS. The appropriate wavelengths
have been copied in to these tables from the “Elements” tool of Vspec. For the calibration,

limited to only one individual Echelle order, the labelled profiles are applicable.
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Practical Notes:

To improve the visibility of the weaker calibration lines a stronger zoom in the intensity axis
is required. For the overall processing and calibration of the entire spectrum, eg with ISIS, it
is recommended to select the more intense lines only. Applying different Echelle spectro-
graphs with comparable or even the same grating configuration, some of the emission
lines, located here at the outermost edges of the orders, may appear to be moved in the
neighbouring orders. Further the line intensity, not only of the hydrogen Balmer series, is
noticeably subjected to the manufacturing tolerance of the starter production.

Tip: To avoid transmission errors, the wavelength data can be copied with ctr/ ¢ from the
pdf file and transferred to the Vspec calibration field with shift insert.
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8 Relco Broadband-Calibration Lines (R = 900 / 4'000)

The following tables show the Relco calibration lines for resolutions of R = 900 and

= 4,000. Only those emissions are labelled here, which are suitable for the calibration of a
spectral profile. The profile for the infrared domain was recorded by Joan Guarro Flo (E)
with a resolution of R = 1300.

21



Glow Starter RELCO SC480 Atlas of Emission Lines

Ar7147.

Blends%

04

Ar 7067.22 —
Ar 6965.43 Blend
Ne 6929.47
Ar6871.29
S Ar6752.83
o Ar 667728 Ne 6717.043
(00)] r .
0 Ho 656285 Ne 6598.95 3
> “Ne 6506.53 _Ne6532.88 ——
o e i
Ne 6402.25
Ne 6382.99
© Ne 6334.43 —
P Ne 6266.49 Ne 6304.79
= Ne 6143.06 Ne 6163.59
Ne 6096.16
— Ne 6074.34
o Blend
o Blend Blend
N Ne 5852.48 B|end£
L
o Ne 5764.41
©
X Ar5606.73
O Ar 5558.70
"3 Ar 5495.87
8_ Ne 5400.56
]
8 Arb5187.74
()
< Blend
0O Ar 4965.08
n Ar 4879.86
GC) Ar 4806.02
= Ar4764.87 —
—
c Ar 4657.9 =
9 Ar 4609.57 e
Ar 4545,
& r4545.05 Ar4510.73
f= Blend
S Ar 4426.00
Blend
- Blend
Q Ar4277.53 Ar 4300.1
Blend
g"o Ar 4200.67 en E
A Ar4158.59 Ar4131.72 .
< Ar4072.0 - de”
en
@)
< Ar3946.1
= Blend
o Ar 3850.58=
(a'es

(=]
I
P~
(=]
(=]
—
I~
=]
(=]
(=]
~
[=]
=]
=]
o
(=]
(=]
[=4]
o
(=]
(=]
M~
o
(=]
=]
o
o
o
=]
n
o)
(=]
(=]
£
o
(=]
(=]
M
o
(=]
=]
)
o
(=]
=]
—
o
o
[=]
=]
o)
(=]
=]
=]
L
[=]
[=]
[s4)
Ln
(=]
(=]
~
Ln
(=]
=]
o
L
o
=]
0
L
(=]
(=]
-
L
[=]
[=]
2]
Ln
(=]
(=]
o
Ln
(=]
=]
—
n
o
(=]
=]
n
=]
[=]
[=)]
=
(=]
(=]
[=s]
-
(=]
(=]
~
-
(=]
=]
o
-
o
=]
0
Y
(=]
(=]
-
-
(=]
[=]
(5]
o
(=]
(=]
o~
-
=]
=]
—
o
o
(=]
(=]
-
[=]
=]
[=)]
(2]
(=]
[=]
[7s)
M

22

o
g
o~
—
o
~

o

3]
=

o
=
el

2

©
~
.2
o
©



Glow Starter RELCO SC480 Atlas of Emission Lines

R = 4000

RELCO SC480 Emission Lines DADOS Spectrograph 900L mm™?

Ne 5400.56 §.
Ne 5330.78 =
=
8.
Ar5221.27 -
Ar5187.75 —= §=
Blend
[==]
Ar5090.5 = E.
Ar5062.03
Blend Ne 5037.75 .
o ===
[=]
Ar 4965.08 ““-
Ar4933.21 é -
He 4921.93
o
Ar 4879.86§ %.
Ar 4847.81 = BB
Ar 4806.02 E = -
Ar 4764.87 j g-
Blend Ar 4702.32 3
Ar 4657.9 §
Ar 4637.23
Ar 4609.57 = .
¢
Ar4579.35 —
Ar 4545.05
Ar4510.73 =
Ar4481.81 = k)
Ar 4448.88 >
Ar 4400.99 §
Blends
Ar 4300.1 =
Ar4277.53 s
Ar 4259.36
Ar4237.22 > %
Ar 4200.67 g
=t
Ar 4158.59 =
Ar4131.72
Ar4103.91 8
Ar4072.0
Ar 4052.92->>
Ar 4013.86= g
Ar 3979.36=> ="
Blend
Blend
S
Ar 3850.58

Ne 6304.79 —3

Ne 6266.5
Ne 6217.28 =
g
[i=}
Ne 6163.59
Ne 6143.06
Ar6114.92 2
Ne 6096.16 =
Ne 6074.34
Blend
=
2
Ne 5944.83
Ar5912.08 = s
He 5875.62 =
Ne 5852.49
Ne 5820.15 -
Ne 5764.41
Ar 5739.62 7 | _
i~}
Ar5650.70 =
Ar5606.73 g
Ar5572.54 « | £
Ar 5558.70
Ar 5495.87 2
Ar5451.65 =
Ne 542135 >+ _
Ar 5400.56 g
Ne 5330.78
% %
Ar5221.27 _
1
Ar5187.75 =
Ar5162.29
Blend
=
Ar5090.5 = €
Ar 5062.03
Blond Ne 5037.75 ——
=
Ar 4965.08 Et
Ar 4933.21 —
He 4921.93 ="
Ar 4879.86\ 5
Ar 4847.81 =
Ar 4806.02 § .
Ar4764.87 j?"
= =
Blend —_—

23

©Richard Walker 2013/06



Glow Starter RELCO SC480 Atlas of Emission Lines

Blend S 1
Ar 7948.18 J Q
s
Ar7891.08 < &
3
Blend =
Ar7723.76
o S:
e, S
o Ar7635.11 ]
< 2!
£
] Ne 7535.77 — ;
o!
as= Blend 2
Blend ]
A el o
: Ar7383.98 21
E Ar7372.12 /
- Ar7353.29 g
Ar7272.94 e
— ]
@) Ne 7245.17 —= |
@) Ar7206.98 ~ —= <k
P Ar7147.04 §
(=2
e Ar 7067.22 =
Q. :
o) Ne 7032.41 ]
— §.‘
@) Ar 6965.43 =&
E Ne 6929.47 -
+ 8
o Ar6871.29 “
o
o 2
Vp) 8
Ar6752.83
92 Ne 6717.04 g
8 Ar6677.28 5!
< Ne 6598.95 g:
0 Ha 6562.85 —= :
Ne 6532.88 — =
4 Ne 6506.53 8.
Q @
C
3 Ar6416.30
= Ar 6402.24 ! 8-
c Blend 3
9 Ne 6334.43 _
w0 Ne 6304.79 —= 8:
o
2. Ne 6266.5 -
UE_I Ne 6217.28 —= S
@
o Ne 6143.06 e 616359
o0 '
< Ne 6096.16 Ar6114.92 8
Q Ne 6074.34 =
) Blend !
3
® e
O Ne 5944.83 ]
-l Ar5912.08 —= =]
Ll &2
o Ne 5852.49 He 5875.62 =

N
N

©Richard Walker 201 3/06



Glow Starter RELCO SC480 Atlas of Emission Lines

Ar 9784.50 1 .
Ar 9657.79 —=—= g
Ar 9354.22 I
Ar 9224.50 - S
Ar 9122.97
£ N
©
Ar 8667.94

= j S
O >
) Ar 8521.44
5 ).
Q Ar Blend — =
| - (=]
m .
p -
o Ar 8264.52 -
° 9 | &
g ™ Ar Blend B
- =
£ Ar Blend —m—— _:]| g-
n 0O Ar 7948.18
b )
£ o o
S o Ar 7723.76
== Ar 7635.11 ]
nw © b=
w5 TR
= @) Ar Blend i
wl c
- _1s
S O Ar 7383.98 _ — 2
@D Ar 7272.94 _]
< 5. r 94—
O 5 | 8
P o Ar 7147.04 ~
O 2 Ar 7067.22 % _
8 @) | 8
TR Ar 6965.43 "
o o W




Glow Starter RELCO SC480 Atlas of Emission Lines 26
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http://astrosurf.com/vdesnoux/
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