MANUAL

Blaze-Grating-Spektroskop/Spektrograph R

of N.Sommer

Introduction

The light of all astronomical objects contains three kinds of important, totally different Information. First the
direction can be determined, from where it comes, enabling us to measure the Position and distance of the
source. Secondly, its intensity can be investigated, so the luminosity and its eventual variations are evalu-
able. Thirdly, looking at the spectrum one can analyse the chemical composition, radial velocity, surface tem-
perature and the type and structure of the source of light. Furthermore the spectrum allows us to ascertain
the otherwise determined source's distance using a different method. Spectrographs split up the component
wavelengths (colors) of light and use either prisms, gratings or combinations of these. Prisms form only one
spectrum but with very uneven dispersing power, so spectral lines are more crowded at red wavelengths
than at blue. A further disadvantage is the faintness of the spectrum for the important blue region of wave-
lengths because of the strong absorption in the glass-substrate and the especially high dispersion of blue
light. So determination of specific wavelengths is more complex. On the other side, beneath an unchanged
part of light (zero order) gratings deliver several higher order spectra (I1st & higher orders), which show
nearly constant dispersion for all colors from red to blue light and high intensity for the shorter wavelengths.
The Shortcoming of producing several spectra is greatly lessened by the Special figuring of the grooves, thus
directing most of the light into one of two 1st order spectra. This effectively results in much brighter spectra, just
like using a telescope of considerably greater aperture. The special figuring of the grooves is called "blazing" and
is incorporated in the process of laser holographic manufacturing. Beginning with the 2nd order, its red end
overlaps with the violet end of the next higher order spectrum /10/. Therefore the grating of this spectrograph is
blazed for the 1st order to ensure maximum intensity and prevent any superposition of spectra. At low
magnification there can be seen zero and first order spectra simultaneously, greatly facilitating the identification
of the object and corresponding spectrum. Simply switching to greater magnification ensures exact investigation.

1. Blaze-Grating 2. Sliding T-2 focuser / 1¥4" Eyepiece, of your choice, f.e.: 3. Eyepiece Adapter
mounted in eyepiece Blaze-Grating Holder Pléssl-Eyepiece eudiascopic 25mm for Cylindric Lens 4. Cylindric Lens 5. Rubber Eyeguard
filter cell (not enclosed!)

Using the Spectroscope / Spectrograph

First remember the grooves of a grating are very delicate and have to be protected from fingerprints and
scratches. Cleaning them is impossible, but dust can be blown off with compressed air. For protection the
grating should be put in the box when not using it.

The spectroscope is easy to use in either mode. First, carefully attach the grating to the grating holder. Next,
insert a low power eyepiece into the other end of the grating holder. Thighten the thumbscrew to lock the
eyepiece in. Note that the second thumbscrew is for photography and fastens the outer extension tube at the
desired length. Insert the spectroscope assembly into the telescope's focuser and aim at a bright star. Focus as
usual and align the telescope so that the zero order point like image and the brightest (first) order linear
spectrum are centered in the field of view. Now add the cylindrical lens (and eyeshade if desired). Set the
cylindrical lens so that the zero order image appears as a line perpendicular to the 1st order spectrum, which
now appears as a band of colors. Refocus slightly so the edges of the spectrum are sharp; this will make the zero
order image bulge in the middle.

Addition for Newtonian telescopes

Normally this type of telescope has a smaller range of focussing travel than others. So eventually any
extending bushing of the drawtube has to be removed. In case this should be impossible, the grating is
screwed directly to the eyepiece.
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Most optical Systems with secondary mirrors (Newtonian/Schmidt-Cassegrain) will show their central shading as a
slightly darker region in the middle of the colored band. The use of the cylindrical lens depends on the type of
object. Emission line objects are Planetary Nebulae (PN; e.g. NGC 7662 in And), small and bright Gaseous
Nebulae (GN; e.g. NGC 1999 in Ori) and some Wolf-Rayet-Stars (WRS; e.g. 1207 in Cyg) which show their
spectral details (monochromatic images of PN's and GN's, the continuous spectra of WRS and central stars
of PN or the emission bands of the WRS) without the cylindrical lens. All other types of objects require the use
of this lens for widening the spectrum in order to see the absorption lines or bands. Some observers prefer tapping
the telescope slightly so that the widening of the spectrum is accomplished by such vibrations. It must be
emphazised, that the visibility of spectral lines depends to the same extent on good seeing and image contrast (that is
the contrast between absorption/emission lines and adjacent parts of the spectrum) as in observing (without
spectroscope) double stars and details on planetary surfaces. Finally, proper collimation of the telescope and
growing experience of the observer enables one to discern more and more subtle details. By screwing the grating
into a separate adapter instead of to the eyepiece, changing the magnification is merely a matter of seconds
without disturbing the orientation of objects in the field of view. So after examining spectral details of one
object, picking up the next at lower magnification and greater field of view is an easy task. As mentioned before,
the unchanged part of light, transmitting the grating, is called zero order. In some PN's this part of light may
be very faint or even invisible and there can be confusion with its [Olll] image. Turning the grating or the
spectral assembly respectively will immediately discern the non-rotating zero order from the rotating spectral
image. Producing the spectral line over their blue end always leads to the zero order image. With a fast telescope,
insertion of a grating into the convergent beam of light causes aberrations. With constant distance of the grating
from the focal plane, as in the assumed case, the introduced coma is inversely proportional to the number of grooves
per inch, astigmatism varies as the square of the reciprocal of the grooves spacing. For a given grating, aberrations
are minimized for a maximum distance from the focal plane /13/.

Even if mounted perpendicularly to the optical axis of the drawtube just like the one used here, every grating will
deviate incoming light. Especially at low magnifications this results in the vignetting of the field of view visible on
one edge, because in a blazed grating both sequences of orders are not of equal intensity. The vignetting follows
the turning of the grating.

Often there is a rule to be considered: the smaller the angular diameter of an observed PN, the higher its surface
brightness. This has several consequences for observation. First, resolution of close monochromatic images is
better for there is not as much superposition. With high magnification, this effect is very prominent when
observing the [Olll]-lines (495.9/500.7 nm) at PN of increasing angular diameter. They seem to be clearly resolved
or only elliptically elongated or unresolved, yet in shape of the PN. Higher surface brightness means better contrast
of images of fainter emission lines compared to the sky background. Especially H (486.1 nm) and Hel (587.6 nm),
whose intensities strongly depend on the excitation class of the PN /1/, are in most cases too weak to be observed.
The human eyes, especially the very sensitive rods of their retina, are not able to perceive the strong but very red Ha-
line at low illumination conditions, e.g. by faint objects in the sky /4/. If there are modifications of the PN's shape
after insertion of the spectroscope this may result from the spectrum of the otherwise undistinguishable central star.

Without spectroscope with spectroscope
red— . Dblue

NGC 6210 w @
NGC 7662 _%_

It has to be considered that the Separation of monochroraatic images of PN is neither a function of the
telescope's magnifica-tion nor of its focal length. It solely depends on the distance between the grating and focal
plane. On the other hand the apparent diameter of the PN in the focal plane is determined by focal length.So it
may happen that a telescope of a smaller focal length works better with this spectroscope at separating the [Olll]-
lines of a certain PN because of lesser superposition of their images. A bigger telescope of longer focal length will
sur-pass the former on smaller and fainter objects.The following picture illustrates the Situation.

.@ @ f = 1500 mm

\\\\\%\\ f=4000 mm
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The radiation of GN and PN is composed of discrete lines / colors and may therefore be split by the grating in only a
handful of discrete monochromatic images. So it is not as "diluted” as the light of stars, increasing the limiting
magnitude considerably. To a certain extent this also applies to WRS. The chromatic aberration of refractors
with normal lenses lets rays of different wavelengths / colors converge on different focal planes, resulting in
what is called a secondary spectrum. So each spectrum in the telescope's field of view should be focussed
separately on a tilted plane, which is technically impossible. This imperfection is not severe. The human eye
accommodates for this. Reflectors, Fluorite- and apochromatic refractors are not affected by chromatic aberration.

List of Objects of different spectral type

oL 2000 52000 Spektral-

A o type m, remarks
B-Cas 00 09.2 +5909 F5 2.3 Caph
NGC 40 00 13.0 +7232 PN 10.7
a-Cas 00 40.6 + 56 33 KO 2.3 Shedar
IC 1644 01 09.2 - 7312 PN - from /6/
B-And * 01 09.7 +3537 MO 2.1 Mirach
B-Per 03 08.1 + 4058 B8 2.1-3.4 Algol
a-Per 03 24.2 + 4952 F5 1.8 Mirfak
BD-Cam 03 422 +63 13 S5 5.0-5.2
IC 351 03 475 + 3503 PN 12.4
IC 2003 03 564 + 3352 PN 12.6
&-Per 03 59.0 + 35 47 07 4.0 Menkib
NGC 1535 04 14.2 -12 44 PN 9.6
o-Tau * 04 358 +16 31 K5 0.9 Aldebaran
R Dor * 04 36.8 -62 05 M8 4.8-6.6
NGC 1714 04 521 - 66 55 GN -
a-Cam 04 54.1 +66 21 09 4.3
R-Lep * 04 59.6 -14 48 C6 5.9-10.5
W-Ori 05 054 +0111 C6 6.2-7.0
J 320 05 05.6 +1042 PN 12.9
B-Ori 05 146 -0812 B8 0.1 Rigel
a-Aur * 05 16.7 +46 01 G8 0.1 Capella
IC 418 * 05 275 -12 42 PN 12.0
v-Ori 05 351 + 09 56 08 3.4 Meissa, double
NGC 1931 05 314 +34 15 GN - around star

- around cluster

NGC 1999 * 05 36.5 -06 42 GN - V380 Ori
a-Ori 05 551 +07 24 M2 0.5-1.3 Betelgeuse
IC 2149 * 05 56.3 + 46 07 PN 9.9
B-Aur 05 59.6 +44 58 A0 1.9 Menkalinan
TU-Gem 06 10.9 + 2601 C5 7.3-10.4
n-Gem var. 06 14.9 +22 30 M3 3.2-4.2
IC 2165 * 06 21.7 -1259 PN 125
BL-Ori 06 255 +14 43 C6 6.2-7.4
J 900 06 259 +17 47 PN 12.4
RT-Aur 06 28.6 + 3030 F4-G1 5.0-5.8 5-Ceph
V 613-Mon 06 484 + 0533 S5 7.7
HD 50896 06 54.2 -2356 WN5 6.9 WRS
R-Gem 07 074 +2242 S2-S8 6.0-14.0
R-Cmi 07 08.8 +1001 Cc7 7.3-11.6
NGC 2392 * 07 29.2 + 2055 PN 8.6 Eskimo-Nebel
a-Gem 07 34.6 +3154 A0 1.6 Castor
a~-CMi 07 39.3 +0514 F5 0.4 Procyon
NGC 2440 07 419 -1813 PN 9.1
B-Gem 07 454 + 28 02 KO 1.1 Pollux
9-Cnc 08 06.3 +22 38 M4 6.0
v-Vel * 08 09.5 -47 20 WC7 1.8
X-Cnc * 08 55.4 +17 14 C4 5.6-7.5
IC 2448 09 07.1 -69 57 PN 115
d.-UMa 09 104 + 67 08 F7 4.8

Manual for Spectrograph / N.Sommer / page 3



oL 2000 52000 Spektral-

A o Type m, remarks
RS-Cnc 09 10.6 + 3058 M6 5.3-6.8
R-Leo 09 476 +1126 M8 4.4-11.3
NGC 3132 * 10 07.7 -40 26 PN 8.2
a-Leo 10 084 +1158 B8 1.4 Regulus
IC 2553 10 09.3 - 62 37 PN 9.0
S Car * 10 09.4 - 61 33 K7-M4 4599
NGC 3242 * 10 248 -18 38 PN 9.0
30-Lmi 10 25.9 + 3348 FO 4.7
U-Hya * 10 37.6 - 1323 Cc7 7.0-9.2
n-Car * 10 451 -5941 pec 6.2 * and nebula
a-Uma 11 03.8 + 61 45 KO 1.8 Dubhe
VV 60 11 28.6 -52 56 PN
NGC 3918 11 50.3 -5711 PN 8.4
y-Cru * 12 31.2 -57 07 M4 1.6
IC 3568 12 32,9 +8233 PN 9.0
Y-CVn * 12 451 + 4526 C5 5.5-6.0
e-UMa 12 540 + 5558 A0 1.8 Alioth
a-Com 13 10.0 +17 32 F5 4.3
R-Hya * 13 29.7 -2317 M7 3.0-11.0
n-Uma 13 476 +4919 B3 1.9 Alkaid
a-Boo * 14 15.7 +1913 KO -0.1 Arcturus
R-Cen * 14 16.6 -59 55 M4-M8 5.3-11.8
v-Boo 14 32.1 + 38 19 A7 3.0 Seginus
B-Umi 14 50.6 +7410 K4 2.1 Kochab
o-Lib * 15 04.1 -2517 M4 3.3
a-CrB * 15 34.7 + 2643 A0 2.2 Gemma / Alphecca
IC 4593 * 16 12.2 +1204 PN 10.2
¢-Oph 16 18.3 - 0442 G8 3.2
y-Her 16 219 +1909 A9 3.8
NGC 6210 * 16 445 + 2349 PN 9.7
| 4637 * 17 05.2 - 4053 PN 13.6
NGC 6302 * 17 13.7 - 37 06 PN 12.8 Bug Nebula
NGC 6309 * 17 141 -1255 PN 9.7
NGC 6445 17 49.2 -2001 PN 9.5
y-Dra 17 56.5 +51 30 K5 2.2 Eltanin
NGC 6543 * 17 58.6 + 66 38 PN 8.8
NGC 6572 * 18 121 + 06 51 PN 9.6
T-Lyr 18 323 + 3700 C6 7.8-9.6
o-Lyr * 18 36.8 + 38 47 A0 0.0 Vega
M 1-59 * 18 43.3 -09 05 PN 6.5
Hu 2-1 * 18 49.7 +2051 PN 115
V-Adl 19 04.6 - 0541 C5-C6 7.4-8.0
R-Aql * 19 064 + 08 14 M5-M9 5.5-12.0
o-Dra 19 12.6 + 67 40 G9 3.1 Altais
NGC 6790 * 19 23.2 +0131 PN 10.3
RR-Lyr 19 255 +42 47 A8-F7 7.1-8.1 6-Ceph
AQ Sgr * 19 343 -16 22 ~C5 9.1-10.9
v- Cva 19 50.6 + 3255 S6-S10 3.36.1
n-Aal 19 52.2 + 0100 F6-G4 5.4-6.1 5-Ceph
HD 189256 19 57.2 +44 16 N8 7.8
VZ-Sge * 20 00.0 +17 31 M4 5.35.6
HD 190918 20 05.9 + 3548 WN5 6.7 WRS
NGC 6884 20 104 + 46 28 PN 12.6
HD 192163 20 121 +3821 WNG6 7.5 WRS
ND 192281 20 125 +40 16 06 7.6
RS-Cyqg 20 134 + 3844 C8 6.5-9.3
HD 192641 * 20 145 + 36 40 WC7 7.4 WRS
HD 193077 20 17.0 +3725 WN5 8.0 WRS
AC-Dra 20 20.1 + 68 53 M5 5.6
IC 4997 20 20.2 + 16 45 PN 12.0

1IN 1A NnA7AANINA ANT7 . N N C 1 AN C1 A ~ N\AIho
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oL 2000 52000 Spektral- m, remarks

h m o type
e-Del 20 33,2 +1118 B6 4.0
B-Del 20 375 + 14 36 F5 35
e-Cva 20 46.2 + 3358 KO 25
T-Vul 20 515 +2815 F5-GO 5.4-6.1 5-Ceph
NGC 7009 21 04.2 +1122 PN 8.4 Saturn-Nebel
NGC 7027 * 21 07.1 +42 14 GN/PN? 104
o-Equ 21 1538 + 0515 GO 3.9 Kitalpha
IC 5117 21 325 +44 35 PN 10.5
u-Cep * 21 435 + 58 47 M2 3.6-5.1
16-Peg 21 535 + 2556 B3 51
o-Aar 22 05.8 - 0019 G2 3.0 Sadalmelik
IC.5217 22 239 + 5058 PN 10.0
11-Lac 22 405 +44 17 K3 4.5
B-Pea * 23 038 + 28 05 M2 2.4 Scheat
NGC 7662 * 23 259 +42 33 PN 9.4
k-And 23 405 +44 20 B8 4.1
R-Aqr * 23 438 -1517 M5-M8 5.8-124
TX-Psc 23 464 + 03 29 Cé6 5.35.8
w-Psc 23 593 + 06 52 F4 4.0

The above list contains selected bright stars of all spectral types, PN and small GN. It is not at all complete; further
objects can be chosen from /2,3,6/. Details on spectral characteristics are to be found in /7,9,12/. For a first quick
survey please refer to the objects marked *.

List of double stars of great color difference

oL 2000 32000 d PA

bom o Spectra " o m,+m,
WZ-Cas var. 00 01.3 +60 21 C9+A? 58.1 89 7.4-10.1
+8.7
ADS 1/Cam 00 02.6 +66 06 GO+A2 15.2 70 5.9+7.3
35-Cas 01 211 +64 40 AO0+? 55.5 344 6.3+8.7
1-Ari 01 50.1 +22 17 G9+A2 2.8 166 6.2+7.4
Y.,,-And * 02 03.9 +42 20 KO+AO 9.4 64 2.3+5.1
OZXX 26/Cas 02 19.7 +60 02 A2+G5 63.3 200 6.9+7.4
32-Eri 03 543 - 02 57 G5+A2 6.8 347 4.8+6.1
55-Eri 04 436 - 08 48 F5+G8 9.2 317 6.7+6.8
11-Cam 05 06.1 +58 58 B3+K0 180.5 8 5.4+6.5
OZX 79/Mon 06 54.1 +06 41 G5+A0 116.1 89 7.2+7.3
-Cnc 08 46.7 +28 46 G5+A5 30.5 307 4.2+6.6
ADS 8600/Com 12 351 +18 23 KO+A3 20.3 271 5.2+6.7
32-Com 12 52.2 +17 04 K5+F8 95.2 49 6.3+6.7
Howe 94 13 48.9 - 35 42 F8+? 11.6 355 6.6+9.6
1-Boo 14 16.2 +51 22 A5+? 38.5 33 4.9+7.5
a,,,-Lib 14 50.9 - 16 03 A2+F5 231.0 314 2.8+5.2
ADS 10105/Her 16 318 +45 36 AO0+F9 16.4 195 5.7+8.2
a,, , -Her var. * 17 146 +14 23 M5+G5 4.7 105 3.1-3.9
+54
95-Her 18 015 +21 36 A3+G5 6.3 258 5.0+5.1
B-Cyg 19 30.7 + 27 58 K3+B8 34.4 54 3.1+5.1
ADS 15764/Cep 22 129 +73 18 G5+A3 28.9 348 6.2+8.3
ADS 15881/Cep * 22 218 + 66 42 F5+A2 4.3 96 6.7+6.7
5-Cep var. 22 292 +58 25 GO+A0 41.0 191 3.5-44
+75

Furthermore, to be complete, these lists should include:
5 Cepheids (spectral variations with phase), Mira and U Gem stars (as above; attainable mostly in maximum only),
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symbiotic stars (e.g. AG Peg), Be and P Cyg stars (variable emission lines or absorption borders), semiregular
variables and novae (not foreseeable), some eclipsing variables (spectral changes during eclipse; e.g. VV Cep / §
Aur / 31 + 32 Cyg). The curious owner of a large aperture telescope may be interested to look at Seyfert galaxies or
related objects (e.g. NGC 4151 / BW Tau /W Com / OJ 287/ 3C371/ BL Lac) /22/.

For observing double stars the grating should be turned until the spectrum is perpendicular to a line connecting the
two stars. The spectra can be distinguished at once by their different maxima in intensity of colors, coincidental with
different surface temperatures. With close double stars it is better not to use the cylindrical lens.

Photography of Spectra

Comparable to "deep sky" photography, faint
objects are detectable photographically which are
not observable visually. Moreover,  the
photographic emulsion is much more sensitive to
blue and red light than the human eye, especially
under low light level conditions. Both B&W and
color films are suitable. The structure of the latter

are three layers of different color sensitivity, fixed Aldebaran / Photo: Peter Stattmayer
to the emulsion support /14/. This results, except Film: TP 2415, ~3 Minutes exposure time.
for very bright objects (where all colors of a Optics: 5" NSC 12b Schmidt-Cassegrain /
continuous spectrum are reproduced without a Baader Blaze-Grating-Spektrograph

gap), in a spectrum composed of three distinct

color sections; sometimes only a red segment is seen on the film. B&W emulsions don't have uniform sensitivity for
all colors either. In addition to a more or less pronounced "green-gap" the red may exceed the Ha-line. This is
similar to the short-wave blue limit. When comparing and evaluating photographic spectra, one has to consider the
spectral sensitivity of the emulsion. Further data concerning this is available from the manufacturer. Using color
emulsions frequently, it is not possible to adjust the exposure time for all spectral regions to be reproduced
correctly. To compensate for this "braketing” the exposure by exposing for various amounts of time is a good
remedy. Otherwise the overexposed part of the spectrum has to be darkened by filtration unfortunately
necessitating a much longer exposure time. Analysis of a spectrum is described in /9f,21/.

Just as in Visual observation when using the cylindrical lens, absorption lines are only recorded photographically
within slightly widened spectra. The most effective way to do this is by allowing the guide star to oscillate slowly in
right ascension. You have the choice of three methods. Alternatively pressing the slow- and fast-buttons of the right
ascension drive control for calculated periods of time allowing the guide star to drift an equivalent angle v or by
shifting the telescope by v to the west, stopping the motor will bring the star back to the starting point. Thirdly the
driving rate of the telescope can be changed slightly by a tested amount. Common to all methods, effective
exposure depends on declination 8, increasing inversely to the latter's cosine. In basic terms, if = 60° then cos 60°
= 0.5, so solely by earth rotation the star's drift on the film plane is half the rate of a star on the equator (5 = 0°).
The amount of starlight exposing an area of the emulsion is doubled. Sky background intensity remains unchanged
SO within same exposure time limiting magnitude for usable spectra is increased by 0.7m (for 8 = 60°). Obviously
this is valid as long as sky background isn't the limiting factor for exposure time.

Special attention is needed:

a) for the exact guiding in declination, which is quite simple if the polar alignment is accurate, and

b) for the lining up of the spectrum in a north-south direction done by turning the grating. Otherwise
the definition of the spectrum will suffer. The right ascension widening suggested here requires less
gauging than when done in declination because guiding adjustments within this coordinate will seldom
be necessary compared with those needed for right ascension. This last would lead to an otherwise
unnecessary, but not really unfavorable additional broadening of the spectrum.

The degree of the widening a can be adjusted to one's needs. It is determined by how fine the grain of the emulsion is

which is to be used. It lies between a = 0.2 mm (e.g. for KODAK TP2415) and 0.5 mm (for films at ISO400/21°), and is

equivalent to the angle v, defined as:

v = 60 x arc tan (a/f)

f being the focal length of the telescope, determined together with a in millimeters, whereas v is put in arc minutes. From
binary stars and planetary diameters, v can be estimated by using the markings in the guiding eyepiece. Exposure time
depends on a number of factors. It has to be estimated from the combination of star/telescope/spectrograph/and film
used respectively. To keep this value as short as possible, the widening of the spectrum should be kept at a minimum.
Referential values for exposure times can be calculated according to /8/.

Since collimators and image forming objectives are not used i.e. the grating is positioned within the convergent beam of
light in front of the focal point of the telescope, fast systems such as Newtons should, for photography, best be used with
a barlow lens or a teleconverter placed between the optical system and the grating to best minimize the effect of coma,
astigmatism and curvature of field.

Area covering objects, especially those with a continuous spectrum such as Jupiter, Saturn, nebulae or galaxies, can
only be spectraphotographed reasonably when using a slit. It has to be positioned exactly in the focal plane of the
telescope. Behind it, as seen from the focal plane, a so-called collimator, i.e. a positiv lens or system of lenses, directs a
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parallel beam. The collimator must have at least the same focal ratio as the telescope (or even be faster) and can
consist of an achromat or binocular objective, or a 1%4" ocular with a long focal length. The slit is placed at its focal plane
or, as in the case of the ocular, on the level of its focal stop. The slit can be made from two parallel aligned razor blades.
Keeping the gap between them as small as possible is decisive for the spectral definition. The grating is placed in the
parallel beam, emerging from the collimator. The resulting spectrum is projected on the film with the help of a further
lens or lens system, usually a normal camera lens focused for infinity. Building such an Instrument on one's own is
certainly not easy, considering that the length of the overall construction is increased due to the additional optical
apparatus; furthermore considering that the extension must not bend or sag the least bit, and thirdly taking into account
the additional weight which needs to be counterbalanced. To add on, one must pay attention to the need of the exact
positioning of the object at the opening of the slit that demands a device similar to an "On-Axis-System" or a guiding
scope. The advantage of such a "slit-spectrograph” is the total independence from seeing conditions and the minute
influence of sky illumination, thus resulting in a definitively "deeper” range.

Further use of your Spectroscope:

Using the grating only (or grating and grating holder for safer handling) various sources of light can be studied. Select

point or line sources or make a cardboard tube to mount the grating in one end and a pair of razor blades edge to edge

but not touching in the other end.Flames will have continous spectra with emission lines, when table salt is dropped in

the flame. Continous spectra of tungsten lights will be reddened when dimmed. Street lights are usually either tungsten

or

- mercury vapor, looking bluish overall and yielding an emission spectrum

- high pressure sodium, looking pinkish overall and yielding a combination of continous, absorption, and emission
spectra

- low pressure sodium, looking golden overall and yielding an emission spectrum similar to table salt in a flame.

Especially advertising lights and lightnings are very interesting and may have strange spectra.

With a slit the spectroscope / spectrograph may be used to test colored filters or the spectral sensitivity of films. The
light of the night sky, the best filtering against light pollution, and the changing of the light at dawn can be studied, as
well as the screen of your color television, the welding arc or the different parts of a flame of gas.

Placing the grating in front of a photographic lens, the spectrum of the solar chromosphere (flash-spectrum) as well as
bright comets, planets, nebulae, and meteors will be recorded. Please refer to /15,16,17,18,19,20,23,24/ for further
reading.

Technical Data:

Typical grating for astronomical spectrographs have 100 to 1000 lines (grooves) per millimeter (L*mm™ / 2500 to
25.000L*inch™), Echelle gratings have 10 to 50 L*mm™ (25 to 1300L*inch™). The total number of grooves is between
1000 and 50.000 alltogether. The chosen number of grooves always forms a compromise between the intended spectral
definition and the speed of the spectrograph. Gratings are used for a range covering the first to the 200th order, so that
their resolving power can be estimated at between 10° and 10° /11/. Then grating used for this spectrograph has been
copied from the original using holographic technics in order to avoid faults in its optical Performance. It has 207 L*mm
(5318 L*inch®) and at a diameter of 26mm totals to 5400 grooves. Since it has been blazed for the first order, its
resolving power is 5400 so that theoretically <0.1nm can be resolved. This is a value not normally achieved under
normal viewing conditions with normal films without using a slit. In its regular form i.e. without additional extension
pieces between the grating and the ocular and camera respectively, the spectrum of the first order is about 12 arc
minutes long and has about 14 - 26 arc minutes spacing to that of the zero order. On film, the length of the spectrum is
about 6mm, the resolution is about 48nm*mm’™.

The Blaze-Grating Spectroscope

consists of the following parts: SPEKTIROGRAP
Blaze-Grating, mounted in eyepiece filter cell.
Sliding T-2 focuser / Blaze-Grating Holder T-2 Thread

Eyepiece Adapter for Cylindric Lens M42x 0.75

Cylindric Lens
Rubber Eyeguard

arwONE

Blaze-Grating, Sliding T-2 T-2 Adapter
mounted in focuser / Blaze-
eyepiece filter cell Grating Holder

Camera
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