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Abstract

A pellicle beamsplitter has been developed to guide long exposures for a SBIG DSS-7 spectrograph on a C-14
telescope. The motivation for this work was to get good quality classification spectra for variable stars in the 12+
magnitude range. The poster will discuss design tradeoffs, physical implementation, and include sample results.

1. Introduction

The SBG DSS¥™ Specrograph provides a
combination of uselll resolution (R-400 ard
unusualy high efficiency nearng 40% (Holmes
2005).

This cambination significantly extends the
magnitude limit of spectroscopic obsewations that
can be rade wih 20-40cm class €lescops. The
resdution is more than sufficiert for high quality
stellar classificatio work ard is particularly well
suited fo redvariable stars

2. Background

Stellar classificationwas te mgjor focus of
obsvational astonony in the period from 1870to
1920, cuminating with the renarkade waork of
Annie imp Cannon in thédenry Draper survey.

These speca stopat about §' magnitude ard
have Imited red caerage die the limitations of the
instrumentation and photographic plates.

Despte the pasage bnewly 100 years, a gick
check of theSIMBAD sysem showed ory some
560K objectswith spectral chssifications.

In partiaular, many redobjects that are routinely
monitored by AAVSO dbservas b not have
published claséficaions.

Until the introduction of the DSS7 tkre were
limited opportunities toexplore the specra d objects
below 8" magnitude

On one dle was the SBIG S5S instrunent,
which provided excellert resdution, but is limited to
about 9' magnitude atl-hour exposure.

On the oher side was he useof a grism,
objective prism or sinple diffraction grating. These
have limited resdution (typically R~80).

The DSS-7, in contrast, casach9™ magnitude
in about 30 secamds atR~400 and dlows nuch beter
baclground aibtracion thana sinple graing. And it
is matched with ahighly red sersitive canera.

3. Instrumentation

The DSS-7presents a slit mto which the star
imagemust bemaintained during the expase On a
C-14 telescop, this slit subterds aproximately 22
arc seondsatF13.

The nstrument provides aimaging node for
initial positioning, but has no provsion for guding
during the exposure.

While | have no doult that sone amateurs have
systens that are dift free for long periods of time, |
don’'t. Herce the clallenge was to find a way to
expbit the efficiency inheent in the device by
enabing longguidedexposures.

Note that while the DSS-7guiding prablem is
very similar to that found in normal imagng, it is not
exactly the sme. The diference is hat the star
position is abstutely fixed, you canné slide the
image back ath forth to geta guide sar an the gude
chip.

The second point is a cdlary of the first, there
will always ke a gude star ata fixed positioni.e., the
star onthe slit.

Thereare sgeral standardvays d guiding long
duration images:Independent guide sope, off-axis
guide canera,a clana guiderard on-axis guiders.

In my case | foand tat differential flexure
limited expsures b 5 minutes using my co-nounied
C-8/ST7 asindeperdent aub-guider.

The use of a oplanar guide chip (theSBIG self
guiding desjn) does pply because thendire image
space is illurmatedby thedispersed spemtm.

In a nmeetirg with Dr. Russ Gelt, Tom Smith,
Dr. Dale Mais, Dr. Eric Crane, bhn Pye, Dr. Alan
Holmes d SBIG am myself teld at Orim
Obsenatoly in August d 2006, we consicered a
number of afternaivesfor guiding the DSS7.

These onceps includel off-axis, neataxis and
onaxis aternaives. The naaaxis idea,propoed by
Tom Smith, was touse ahde in the nidde d a flip
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mirror. The on-axis carcept which | pursued dter
the meetng, was b make useof a smple optical
elemen calleda “pellicle”. In retraspect, | amnot
surewho introducedthis idea, lut Alan Holmesmade
same commert abadt it, so lwill give him credt.

Pellicles arehin films d Nitrocellulose, wlich
canbeusal asoptical wndows ad asbeansplitters.

According to the information provided by thre
Edmund Qptics cablog, they have a fat spectal
transnisson ove the 400-800nm range of the
spectrayraph.

Using a licle as a leansglitter, one cangude
on the sane siar that illuminates tre sgectrogaphslit.
Essetially this becomes anonaxis guider.

4. Design considerations

Using abeansplitter relucesthe anount of light
reachng the pectrogrgh. Since iy objectve was ¢

image dim sars, | wanted the least light loss

consisten with guding requirements.

The practical limit for using the DSS-7 is
reachd when the star image obtainedusing the
imaging nmode B too dim to allow corvenient
paositioning onto the slit wsing stort exposues (1-5
seconds

The imaging mode of he DSS use a zeo order
reflection from the grating as itsmirror. This grating
reflecs albut 15% n zeio order Hence the DSS
image & about two magnitudes famter than an
equialent direct image.

As a practicalmatter, | have found that4"
Magnitude is atout the limit for starpositioning. In
this case, a 1% magnitude star has he appaent
brightness 6 a 16" magnitude star in tle DSS
imagng mode. This is aboti the limit of a5 secomnl
integration

My goal was toprovide the auo-guder with an
image of gnilar brightnes. Using the rule of thumb
that 10" magnitude = 0.1 secads for guiding, an
effective 18' magiitude requres a gide time d
about 25 secmds.

The chace of keansplitter ratios, howewver, is
rather limited. You canget an uncoatedpellicle that
reflects 8% or @oatedone tat reflects33% 40%or
50%.

What | wanted wasl5% b match thegraing. |
choaose the 8% pellicle figuring | would rather have
more transnission and a bnger guide cycle.

5. Construction

A TECHSPEC™ Pellicle Beasgitter (NT39-
478) was obained fom Edrund Irdustrial Opfcs.

The pellicle is mountedon an aluninum ring 35-mm
in diameter ard 4.7 mm thick.

An olde Celestron® off-axis guider bdy was
recycled to hal the assmbly. The pickoff mirror and
field stop were easily remaved leauwg a 1.5 nch
main bady with a1.25 inch side ube.

To mount the pellicle, | used a section of 1.25

PVC plumbing pipe The aitside diameter of this
provided a cbse fit to the insice of the guider body.

A 45-degee at was nade using a miter box.
The pellicle ring was attachedo a netal plate and
then to thefinished face with supeglue. The gle
provides a adequae bond between the duminum
ring and PVC plastic, but i can be brokenwhen
neede.

Figure 2. Looking through the pellicle.

Note that while the clear aprture of the pellicle
is 25mm, it is redicedto anellipse of alout 17 by 25
mm when nountd at45 degees. The murting ring
itself is abod 4 mm high, which ako sighty
vignettes tle bean.
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In my systen, the pellicle sees arfi13 beam The
17 millimeter light cone dlows a nmaximum back
distarce of abaut 220mm to fully illu minate anon-
axis star.

Cdlimating this sinple asserbly with the
spectraggraph  proved nore difficult than | had
envisional. A seres d thumbscrews wee threaled
into the housig to push the imer tube for
calli mation.

Final alignmentwas dme ; a G5 telescope. A
cros$air eygiece was raunted in he pelicle tube
and aother mounted h a collimated digonal
mounied behind the asembly. Twedking the
thumbscrews brougtt the algnment to within 5 arc
minutes within thefield of the guide canera.

6. Telescopelnstallation

First Light was aclieved on Qctober 26, 2007
using the asembly showvn in Figure 3 mouniedon te
C-14. A piggyhbackel C-8 provides motometry.

Figure 3. The pellicle is at the top with a ST-7E camera

mounted on the long arm to the right. It is followed by a
flip mirror and the DSS-7 assembly with its ST7-ME.

The intial test used the ST-E gude camera at

prime focus, but this was later canged to about f6
with the inclusion of a focal reducer. This als
allowed theguide carera tomove closerd the axis

7. Observations

The image quality atthe guide canera was ot
quite asgoodas | pected. | attribue some b this
to urnwanted Eflecions n my mouning hadware,
but same loss inquality may be due to the ellicle.
Significant distortions aml reflecions ca be seen
Figure 4.

The pellicle srface is rated at 1 wave piach.
My FWHM at the spectrogph is about5 arc
secondsand &out8 at theguide.

There was no visible degradaton in the
trarsmitted image, either thowgh the sgectragraph or
in the eygieceat high nagnification.

Figure 4. Peliicle guider image above and DSS image
below. Vertical axis is flipped.

| have dore guding up to 1 hour and the star
remains in the slit at the endof the exmsure, praving
that ary remaining local flexure isnegligible. Figures
5 ard 6 illustrate tlis.

Figure 5. After 60 minutes of guiding, star UV Tau is still
centered on the slit.

The image brightnesswas measured seeral
times and was congent with my expecations The
guider star mages are about % as d¢itt as the
spectrogrph stars inages at equalentfocal lengts.
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This cambination of effects has mant that
guiding on stars atthe limit of the spectogrgph has
proved nore difficult than | had aticipated. | hae
had b use @poares bepnd 10 seonds with deg
binning to track on the target star at Magitude 13.
On ny G-11 mount this can kad b quite a bt of
image wande

For slightly brighter objects, the guider hes
worked \ery well, allowing convenient long duration
spectometry of stars atMagnitude 2 and guiding on
galaxy ores sichas M66. It also appea well suited
for polarimetric and time series spectrogtry whee

maintaining the exact &l position is necessary.

(Figure7)

i = e -
Figure 6. 2400-second pellicle guided DSS spectrum of
UV TAU. Strong undulating TiO bands at middle right
show ~M6 type. Skyglow accounts for all other lines.
Simultaneous photometry showed the V magnitude was
below 15, and I-band magnitude near 12.

Figure 7. Direct addition of two spectra of Alpha And. A
Savart calcite plate before the slit creates parallel
spectra of opposite polarizations. Note that spectra are
on precisely the same pixels in both exposures as
indicated by the narrow central bands. This also
illustrates  potential for precision time series
spectroscopy.

8. FuturePlans

| amin the processf replacing the STF7E as a
guide canera with a much lighter weight SBIG
remote guide head ad shortening the entire asserhly
to abou 6 inches. Tis in turn recessitates sitering

the armof the guder body to allow the camera to

reachfocus With this | amintending o contnue ny
work on clssficaion d AAV SO variable siars arl
developmert of a sgctropodarimetric caphility for
the DSS7

9. Conclusions

A pellicle beamsgitter works ery well with the
DSS7 spectraggraph  to allow long duation
spectrascqy with an aerage gality mourt.

Guiding on the target star makes this process no
more difficult to setup han usihg searate guide
scope.

The ndependent guider allows long duraton
time seres spetrosmpy below 10" magnitude.

The cloice of an 8% pdllicle is probably nat the
optimal one. | interd to try a 3% ore inthe future to
create a better balancbeween the guide star
brightness ad the gectometer. The faster guiding
may well make up for a 25% reduwction in slit
illumination.

Usingore d the availabe 2inch pellicles would
provide aneasy way togude imagng without the
uswal problems of finding aguide sar. This could be
mounted n amodified Meadeflip mirror assenbly as
doneby Smith (2006).
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