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After years of development, Lulin Observatory now hosts an array of basic observing equipment
and instruments, and facilities for living of research staff to support actitivies in research and
education. The one-meter telescope, in addition to specific research projects, joins regularly global
observing campaigns, or conducts simultaneous monitoring observations with space-borne
instruments. Lulin is now a critical part of the world-wide observing network, owing to its niche
low-latitude and west-Pacific geographic location. The Taiwan-America Occultation Survey will
soon begin its 4-telescope operation. A new initiative to study supernovae with a small, highly
robotic telescope is now also underway at the site. In addition to some other astronomy projects,
the site entertains research instruments in other disciplines, such as atmospheric science (acid rain
and suspending particles), earth science (magnetic pulses), and space science (“Red Sprites”), etc.
Currently the site is reasonably well managed by a small group of staff to support the daily scientific
operations and equipment maintenance.
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Tokyo Resaarchers wil socn be treated to new
pictures of red end blue lights dancing above
thaclouda On 20 May, Tawan's National Space
L TR R g £ gl Program Office lunched a satellie to take
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2 e 1s . - 5 2 spries — colourful dscharges of light batween
N . akitude of 1510 90 kiometres fsee picture).
c R I RART 2 5 oo Previcus studies of these tarsient events
have usad ground-basad obsanvstions fsee
Nature 423, 974-976; 2003). Satelite images of  atmosphere. “With the satelltes we can
the flashes wil help eszarchers tounderstand  determing the global distribution of the avents
tha glebal electric circuil, giving them better and find new characteristics of them,” says
pictures in poor wasther conditions and wihout  Nan-Hung Ting, who heads the office’s science
the visual interfarence caused by the upper fesearch programme,
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LOMO - Collimation of Cassegrains and Hypergraphs

Miscellaneous

Astronomical documentations note that it is difficult and sensitive to collimate a Cassegrain.
As many printed things, this opinion is wrong. And this is because many mistakes that are
made while collimating a Cassegrain may compensate another one. For example, if the
secondary mirror is misaligned you can correct this error by a countershifting of the primary
mirror. As well you can compensate a shifting to the side of the main mirror either by
countershifting the secondary mirror or by shifting the primary mirror. If you strictly follow
the sequence described below you will have to align the optical parts of the system with a
reduced tolerance and compensate the remaining error of the primary mirror at a star. It
does not matter if you did not understand this. Just stick to the following points - done !

The aligning can be divided into 3 parts:

Procedure Equipment
1. Align mirror's center to the eyepiece holder Simple measuring
2. Align eyepiece holder to secondary mirror's center Collimation Laser
3. Align secondary mirror to the center of the eyepiece Collimation Laser
holder
4. Main Mirror Alignment Star
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If you keep the order as described above and explained in the following, aligning
(collimating) a Cassegrain is not difficultier than aligning a Newton. As equipment you will
need a Collimation Laser and a clear sky (for point 4). The secondary mirror must have a
marking in its center (most suitable is a small ring, made with a permanent marker).

Align mirror's center to the eyepiece holder
Some Cassegrains, like our 340mm f/9 Cassegrain, have their mirrors aligned with the
eyepiece holder and the main mirror drilling. In that case this point is obsolete.

In other Cassegrains, the primary mirror can be moved to the side in its cell if you loosen
the adjustments at its side. If you did not change anything of the original settings since you
have got the telescope you can assume that it is not neccessary to align the mirror.

Otherwise you just measure the distance to the side >from the main mirror drilling to the
baffle und move the primary mirror as long to the side until you can measure a concentrical
circle between main mirror drilling and baffle. You should align the primary mirror to 1-2
mm.

Align eyepiece holder to secondary mirror's center

Put your collimation laser into the eyepiece holder of the Cassegrain. First check whether
the laser beam really is in a straight line to the eyepiece holder. For doing so, attach a
paper onto the secondary mirror's baffle und mark with a pen the point where the laser
beam hits upon the paper. Now turn the laser around its longitudinal axis. With our
eyepiece holders better do not turn the laser in the regular 1,25"-holder but in the
2"-adaptor inside the flange-plate. This is more useful since the laser often sits too loose in
the 1,25"-holder and is being shifted by tightening the pressure screws.

So, if you turn the flange plate with the laser for 180 degrees, you won't find the laser hitting
the exact former point but a point somewhat to the side. That means that the laser is not
perpendicular inside of the 1,25"-holder or that it is misaligned. In that case, please align
the laser first. Do not remove the laser from the 1,25"-holder ! Adjust the laser via the
adjustment screws of the laser onto the imagined center of the circle which the laser beam
is drawing on the paper if you turn around the laser or the flange plate. If you have turned
the laser for 180 degrees, adjust it onto the center of the line which can be drawn from the
actual hitting spot of the laser beam to the spot marked on the paper. Repeat this
procedure until the laser does not move more than 1-2 mm away from the marked spot if
you turn the laser around.
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Do not change anything at or with the laser and go on as described next:
Take the paper away and check where the laser beam hits the secondary mirror. Is the
laser beam hitting the secondary mirror not exactly in its center you'll have two euqally
good methods for alignment:

A. Moving the secondary mirror to the side

B. Shifting the eyepiece holder

Depending on the Cassegrain-type it can be more comfortable to use method A or B. Often
it is also useful to adjust the approximate angle by small screw plates under the
eyepieceholder und to do the fine alignment by moving the spider. Some eyepiece holders
will provide draft and pressure screws for alignment which makes it very easy, of course. In
order to prevent an exaggerated squinting of the instrument (optical axis not parallel to the
tube anymore), method A should only be used for the fine alignment (max. 4mm).

Your eyepiece holder is now aligned you may proceed to the next point. Do not change
anything with the laser !

Align secondary mirror to the center of the eyepiece holder

Align the secondary mirror by shifting in a way that the laser beam is being reflected into
itself. It is evident that you'll need an auto-collimation laser or a laser with an integrated
focussing screen and a peek-hole at the side since you won't see the the reflected
laserbeam otherwise. The secondary mirror is exactly aligned if the laser beam is reflected
into the center of the focussing screen.

The alignment steps which can be done without a star are now finished.

Main Mirror Alignment

Look for a star of approx. 2-5 mag according to your aperture and choose an eyepiece with
an exit pupil of ca. 2 mm. Turn the eyepiece-holder until the star is clearly seen as a disc
with central obstruction. Put the star into the center of the eyepiece.

The Cassegrain is neatly collimated if the central obstruction is located exactly in the center.
If you now turn the main mirror alignment screws at the back (tracking is on all over the
time of course) you'll discover that the star is moving in the eyepiece. Now look for a
adjustment screw that moves the star downwards. Depending on the misalignment its
amount can vary from 1/4 eyepiece diameter up to several eyepiece diameters. Move the
star's picture into the center of the field of view by drive corrections and judge how the star
is looking now. Repeat this until the central obstruction is in the center. Just keep the
following rule:
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Move the star by the main mirror collimation screws into that direction, into that you
want to move the obstruction.

So, is the central obstruction located to the right, e.g., move the star to the left, etc.
The Cassegrain is now perfectly collimated.

Focous location

If you try to collimate for a longer period of time it may happen that you move the entire
primary or secondary mirror while adjusting. This has a strong effect onto the location of
the focus. E.g., if you move the primary mirror for 1mm away from the eyepiece holder
while collimating, this will move the focus for 8mm to the back.

In order to prevent this from happening, always shift the mirror over 2 screws at once only
and leave the 3rd screw tight. On the other hand it may be desired to move the focus
because you don not have enough back-foucs for any accesoire. If you move the
secondary mirror towards the focus or the main mirror towards the secondary mirror, the
focus moves further out.

But please be aware that you can change the focus of a Cassegrain only for a total amount
of approx. +-40 mm, otherwise you'll get distorted pictures (spherical aberration). The
off-axis quality of pictures will decline at +-15mm from the ideal position already with the
Hypergraph (unless you use a small CCD-field). For the best results you should ask for the
perfect distance from the last lense to the focus and try to keep it as exactly as possible.
For example you might use a ruler or a measuring rod to measure the distance through the
open backside of your focussed 6x8-camera or 35-mm-camera up to the lense (you should
wrap a cleenex around the end of the ruler or rod).
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Transmission of the Recently Acquired [SII] Filter for the LOT
Wen-Ping Chen
Graduated Institute of Astronomy, NCU

A new interference filter for nebulosity [SlI] lines has been delivered in September
2004. The filter was manufactured by David Marcus of Customs Scientific with a
specification of 672.4/8 nm effective central wavelength and 50x50 mm dimension.
Special care was taken in the design so that its thickness matches that of the H-alpha filter
currently in service, also acquired from the same manufacturer. This ensures little focus
change in switching between these two filters.

The attached figure plots the transmission data of the filter, provided by the
manufacturer. It was not scanned in the lab here upon receipt because past experience

shows this manufacturer provides reliable factory data. The doublet sulfur forbidden lines
are marked.

[S II] Filter Custom Scientific 2004.09.01
100 Bt B e s B B B B B

671.7 6734
60 —

Transmission (%)

40—

20—

L L ‘ L L L L ‘ Il Il Il
660 665 670 675 680
Wavelength (nm)

The two images, both by Hsu-Tai Lee, to the right shows an example of the [S Il] images of
HH398 (top) taken by this filter in November 2004 and the same region in H-alpha (bottom),
also by LOT. The shock excited nebulosity can be clearly discerned.
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Characteristics and Performance of the CCD Photometric
System at Lulin Observatory

KinosHITa Daisuke! 2%, CHEN Chin-Wei!, LiNn Hung-Chin!, LiN Zhong-Yil,
Huang Kni-Yun!, CHANG Yung-Shin!, CHEN Wen-Ping?
! Institute of Astronomy, National Central University
F00 Jungda Rd, Jungli City, Taoyuan, 320-5{, Taiwan
% National Astronomical Observatory of Japan
2-21-1 Osawa, Mitaka, Tokyo, 185-8588, Japan
Finoshita@astro.new. edu. tw

Abstract

The Lulin One-meter Telescope at Lulin Ohservatory in Taiwan started the open-use ohservations in
January 2003. In order to evaluate the performance of the CCD photometric system and the characteristics
and quality of the site, we have obtained the data of photometric standards as well as calibration data from
February to November 2004. We report the results of our analysis including gain, readout noise and dark
current of the CCD, transformation coefficients, total throughtputs, night sky brightnesses and limiting

magnitudes for UBVRI bands.

Key words: CCD - calibration — transformation coefficients

1. Introduction

The Lulin One-meter Telescope (hereafter, LOT) was
installed at the summit of Mount Lulin (120° 52" 25"
E, 23° 28" 7" N, H = 2862 m) in the central region of
Taiwan by the Institute of Astronomy of National Central
University in September 2002. After three months of
test ohservations, the open-use ohservations have begun
in January 2003 (Chang, 2004). It is essential to know
the properties and performance of the instrument to con-
duct scientific ohservations. We have started a program
to evaluate the characteristics of CCD photometric system
on LOT in November 2003. Here, we report the results of
our analysis of the performance of the CCD photometric
svstem and the characteristics and the qualities of the site.
We introduce hriefly about the instrument in section 2, re-
port the basic characteristics of the CCD in section 3, give
the transformation coefficients in section 4, and show the
total system performances in section 5, and summarize in
section 6.

2. Instrument

The LOT is a telescope with an effective diameter of
1000 mm. The CCD imaging camera is attached to the
Cassegrain focus of the telescope. At the beginning of the
open-use observations, the CCD camera “AP8" manufac-
tured by Apogee, Inc. was used. In June 2003, the opera-
tion of CCD camera “VersArray:1300B" manufactured hy
Princeton Instruments, Inc. was started. Since AP8 was
retired in January 2004, here we concentrate on the per-
formance of the VersArray:1300B. The performance of the
APS CCD photometric system was reported by Kinoshita

*  Offprint request should be sent to kinoshita@astro.new.edu.tw,
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et al. (2004).

The specifications of the CCD camera VersArray:1300B
is summarized in Table 1 (Princeton Instruments, Inc.,
2004). The telescope focal length is 8000 mum, resulting in
a pixel scale of 0.516 arcsec per pixel. This is reasonably
spatially sampled under the typical seeing of 1.5 arcsec at
Lulin Observatory. The field of view of this system is 11.5
arcmin by 11.2 arcmin. The CCD is cooled by thermoelec-
tric cooling together with water circulation. The typical
operation temperature is —50° C. The data acquisition
is done using the software “Maxim DL" provided by the
Diffraction Limited, Inc. running on Windows operating
svstem. The data are recorded on the SAMBA shared file

system on Linux operating system.

Table 1. Specifications of the CCD camera VersArray: 13008
as provided from Roper Scientific, Inc. are summarized.

CCD Chip EEV CCD36-40

(back-side illuminated)
1340 = 1300

Pixel Number

Pixel Size 20 pm % 20 um
Imaging Area 26.8 mm x 26.0 mm
CCD Grade Scientific Grade; Grade 1
Full Well 200,000 e~
AD Conversion 16 bits
Sampling 50 kHz (slow mode),

1 MHz (fast mode)
Readout 36 sec @ 50 kHz

1.8 sec @ 1 MHz
Read Noise de~ rms @ 50 kHz

10e™ rms @ 1 MHz

0.1 e~ /pixel/sec @ —40=C
0.5 e~ /pixel/hr @ —110°C

Dark Current




3. Performance of the CCD
3.1. Bias

The mean bias level is about 89 ADU ( Analog-to-Digital
Unit) for slow readout mode, and about 150 ADU for fast
readout mode. The readout time of fast readout mode
is less than two seconds so the efficlency of data acqui-
sition is very high. This mode is powerful especially for
taking flatfields during the twilight. Figure 1 and 2 show
the stability of mean hias levels for slow and fast readout
modes, respectively. It seems the mean bias level of fast
readout mode is correlated with ambient temperature, and
changes more than 15 ADU within a day. One of the ex-
planations is the stray light causing the increase of the hias
level after the sunrise in the morning. However, the stray
light cannot explain the gradual decrease at night. We
need further investigations of this phenomenon. Because
of this instability, it is encouraged to take bias frames of-
ten during the night to monitor the variability for high
precision photometry when fast readout mode is used.
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Fig. 1. The level of bias frame is plotted against data acqui-
sition time in UT. The data are taken under the slow readout
mode.
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Fig. 2. The level of bias frame is plotted against data acqui-
sition time in UT. The data are taken under the fast readout
mode. The ambient temperature in the dome of LOT is also
shown as the dotted line,
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5.2, Gain and Readout Noise

The gain  is the conversion factor of how many elec-
trons are required to produce a digital numhber for the
output data. The number of electrons is expressed as

ne = Gnapy. (1)

Here, 1. is the number of electrons, napy is the Analog-
to-Digital Unit (ADU), and & (e~ /ADU) is the gain. The
standard deviation of the difference hetween two flatfield
images of, _p, contains Poisson noise in addition to the
readout noise (Howell, 2000},

on={ () (&)} )

Here, K (e7) is the readout noise. Subtracting two flat-
field images increases the noise by a factor of 2. Hence,
the relationship between the signal S and the noise N is
expressed as

s (R\?

f\—v’a-f—(a) . (3)

We took images of flatfield using a white screen in the
dome. We used both broad- and narrow-band filters to
cover a wide range of signal levels. We used B for the
broad-band filter and CN for the narrow-band filter. The
integration times were set from 3 to 60 sec. For each in-
tegration time, five frames were continuously taken. We
tested both the fast readout mode of 1 MHz sampling and
slow readout mode of 50 kHz sampling. Basically we fol-
low the method described by Motohara et al. (2002). All
the measurements were carried out under the cooling tem-
perature of —50°C', Since we took five frames for each sig-
nal level, we made ten pairs of two frames from five frames.
For each pair of images, we subtracted one from another,
and measured the standard deviation. We divided the
standard deviation by /2 to derive the noise level. We
also subtracted combined hias frame from flatfield images
to measure the mean signal level of the flatfields to derive
the signal level. To check the uniformity of the proper-
ties of the CCD, we divided the CCD into four regions.
Here, we call the 301 < z < 600, 301 < y < 600 region
of the image “Region A", 301 < z < 600, 701 < y < 1000
“Region B”, 701 < = < 1000, 301 < y < 600 “Region C",
and 701 <x < 1000, 701 <y < 1000 “Region D". The align-
ment of four regions are shown in Figure 3. The signal and
the noise were measured for all four regions.

The results of the measurements for the fast and slow
readout mades are shown in Figure 4 and 5, respectively.
We fitted the measurements with Equation (3). The gain
G'is3.0 ¢~ /ADU for all four regions for fast readout mode,
and is 2.0 e~ /ADU for all four regions for slow readout
mode. The readout noise is 7.1-7.4 e~ for fast readout
mode, and 4.4-4.5 ¢~ for slow readout mode.

5.5, Dark Current

The dark frames with different integration times were
obtained to estimate the dark current generation rate.
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Fig. 3. The schematic view of the alignment of four subre-
gions for gain measurements on the CCD. All subregions have

300 by 300 pixels.

The results are summarized in Table 2. The average value

shows 0.064 e~ /sec/pix for the operation temperature of
-50 deg C.

8.4. Linearity

In order to check the linearity of the response of the
CCD, we have carried out a measurement using camera

lens and LEDs. We placed 8 LEDs in the sphere. We
attached the camera lens to the CCD and located the
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Table 2. The dark current generation rates are shown.
The second column shows the readout mode.  The word
“slow” denotes 50 kHz sampling, and “fast” denotes 1 MHz
sampling. The third column shows the operating tem-
perature of the CCD. The dark current generation rate
is expressed in mumber of electrons per second per pixel

Date Readout Temp. Dark Current

(deg C) (e~ !/sec/pix)
13;‘Feb,/2004 fast -50 0.063
24/May /2004 slow -50 0.067
25;‘&'1&}';‘200:1 fast -50 0.065
26/May /2004 fast -50 0.055
22;‘Jun;‘2004 slow -50 0.065
23;’Jun;’2004 slow -50 0.073
24/Jun/2004  slow -50 0.065
25;’Jun;’2004 slow -50 0.057
16/Aug/2004  slow -50 0.059
17/ Aug/2004 slow -50 0.070

CCD at small hole of the sphere. We imaged inside of the
sphere for varions exposure time ranging 5 to 80 seconds.
For each exposure time, we took 5 frames. The measure-
ments are done using slow readout mode, and the dark
component is subtracted. Figure 6 shows the mean count
of 100 = 100 pixels near the center of the field against
exposure time. We fitted the data with the formula

C =at" +b. (4)
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Fig. 5. The signal and the noise of 300 = 300 regions on the CCD for slow readout mode are shown. The dotted curves are the fit

using equation (3).

Here, (' is the mean count, ¢ is the exposure time, a, b
and + are constants. The deviation from v =1 was 0.1%
for the range from 3000 to 38000 ADU. The non-linearity
degraded to 1.7% when the mean count reached 51000
counts.

Linsasdly of #H 3008 CC0
00130

10000 |

Ik Count @040

1292 L

Exposuns Time j5e]

Fig. 6. The plot of the exposure time versus mean count of
the CCD is shown. The light source is six LEDs. The dotted
line is the fit using equation (4).
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4. Photometric Calibrations

In order to compare the results of the photometry with
the results from other instruments, one needs to convert
the magnitudes from the instrumental system into the
standard system. To achieve this conversion, it is essen-
tial to evaluate the transformation coefficients. Here, we
define transformation equations as

Ustd = Uinat + Zr —kyX + Cy (U — B),

Bsfd = B{mst +ZB - l;I".B’}i: +CB(B_ ‘L,)

‘L'J,std = ‘L":i.nst + ZTL" - ;\'V ,{ + (-_'rV I:B - 1'!:]-

RsfdzR-iust +ZH _A'R-X +CR(I, —R) 8

fs,d=f,;n5¢+z; —.;\'[."{‘f'(_-r;ﬂ’, —I) (9)

[ =)
—r

/_"\.f_"r\f_"\/‘._"\.
e

where Uz, Boa, Vitdgs Heea, Loig are the standard magni-
tudes, Uinse, Binst, Vinets Hinets linst are the instrumental
magnitudes, Zy;, Zg, £y, Zg, £; are zero point magni-
tudes, ki, kg, kv, kg, kr are the first-order extinction
coeficients, C, Cg, Oy, Cg, C; are the color terms,
and X is the airmass. The net fluxes inside the aperture
for standard stars are normalized to the exposure time of
one second to caleulate the instrumental magnitudes. We
have chosen photometric standards from the list provided
by Landolt (1992) to cover a wide range of colors and air-
mass. We have used UBVRI filters. The BVRI filters are
bazed on the Bessell system, and their transmission prop-

erties are reported by Huang et al. (2004). The property



of the U-band filter is unknown and we are planning to
measure the transmittance in the laboratory. Basically
we used the “photeal” package of IRAF (Image Reduction
and Analysis Facility, provided and maintained by NOAO)
to fit the data and derive the coefficients. The values are
confirmed by manual analysis using the method described
by Henden and Kaitchuck (1990). The second-order ex-
tinction terms are found to be small and we ignored them.
The results for seven different nights are summarized in
Table 3. The plots of the Landolt magnitude versus calcu-
lated magnitude using derived transformation coeficients
on 25 June, 2004 are shown in Figure 7 to 11. No system-
atic errors are recognized. The atmospheric extinction
coefficients at various astronomical sites on the ground
are summarized in Table 4. The extinction coefficients at
Lulin Observatory on relatively dry nights are comparable
to those of major ground based ohesrvatories.

Calosiated Uband Magrtuds fmag)
-

1 L L L L L L
1 12 13 4 15 = v 18

Landoit L-and Magribuds imag)

Fig. 7. The Landolt magnitude wversus calculated magni-
tude using derived transformation coefficients for U-band are
shown. The data taken on 25 June, 2004 are used to plot.

Caicdated B-band Magnbude |mag)

L L L L
n 12 13 14 15 = w

Landuit Bband Magribuds imag)

Fig. 8. Same as Figure 7, but for B-band.

The instrumental colors are plotted against Landolt
standard colors in Figure 12 to 16. From the linear fits,
we have ohtained the following relations,

(U — B) = 1.18(u—b) — 3.02, (10)
(B—V)=125(b—v) —0.41, (11)
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11 12 13 14 [ 18
LandaitV-nand Magnitods jmagi

Fig. 9. Same as Figure 7, but for V-band.

" 12 13 4 15 18
Londalt R-band Magribuds imag)

Fig. 10. Same as Figure 7, but for R-band.

.
10 1 12 A 14
Landat Hoand Magrilude fmag)

Fig. 11. Same as Figure 7, but for I-band.



Table 3. The transformation coefficients including zero point magnitudes,
terms of LOT and VersArray:1300B for UBWVRI filters on seven different nights are summarized.
efficients are in the unit of magnitude per airmass.

gero  point magnitudes are different from other nights.

On 17 Feb 2004,
For other six mnights,

first order extinction coefficients,

and color

The extinction co-
the fast readout mode was used, and the
the slow readout mode was used.

17/Feb/2004 10/Apr/2004 24/Jun/2004 25/Jun/2004 01/Sep/2004 09/Nov/2004 11/Nov /2004
Zu 20021003 20201010 20231005 2028L0.06
Zp 22344002 22834001 22824002 22814002 22764008 22704001  22.78+0.01
Zy 22684002 23114001 23114002 2311+£0.01 23.06+005 23.01+0.01  23.09+0.03
Zp  2266+0.01 23.07+004 23084002 2310+£0.02 23.00+£002 22.96+0.01  23.05+0.02
Zr  21.9940.04 2236+£0.03 22434003 22404003 22304002 22.374+0.04
ky 0454001  046+£001 0414002  0.41+0.03
kg 0194002 0254001 0244001  021+£0.01 0224004 0214001  02040.01
ky  0114+001  016+001 0164001  013£001 0104002 0124001  0.1240.01
kg 009+001 0124001 0134001  011+£0.01  005+001  0.08+001  0.09+0.01
ke 0.06 £ 0.01 0.08+0.03  008+0.02 0104002  0.06+001  0.0440.01
Cy 40154002 +030+£010 +0324002 +0.32+0.06
s 40204002 40144001 40154001 +011+0.02 +0214+003 +0.174+0.01 +0.1340.01
v —0.06+002 —006+001 —0.06+0.01 -008+0.02 -0054+002 —0.07+001 —0.1040.03
' —0.05+002 —0.12+005 —0.07+£0.02 -015+0.03 —0.134+001 —0.124+002 —0.1240.02
O +0.04+0.03 +0.05+£001 40044+0.03 +0.07+£001 +0.03+£003 +0.00+0.03

Table 4. The atmospheric extinction coefficients for selected ground based astronomical observatories are summarized. The first
order extinction coefficients for UBWVRI bands are shown in the unit of mag per airmass. The numbers in the parenthesis are the errors.

Site U B v R I Ref.

Brooks 0.62(0.09) 0.37(0.07) 0.25(0.04) 020(0.06) 0.14(0.07) Miller & Osborn, 1096
Gaomeign 0.14 Tan & Zhang, 1999
Kiso 0.27(0.02) 0.17(0.01) 0.09(0.01) 0.05(0.01) Ito, 1998a

Kitt Peak 0.20(0.01) 0.08(0.02) French et al., 1985

La Palma 0.11 Guerrero et al., 1998
La Silla 0.25 0.13 0.07 0.03 Mattila et al., 1996

La Silla 0.46 0.23 0.12 Nakos et al., 1097
Lulin 0.43(0.02) 0.20(0.02) 0.12(0.01) 0.10(0.01) 0.07(0.02) This work

Mauna Kea (2800-m) 0.31 0.18 Krisciunas et al., 1987
Mauna Kea (4200-m) 0.20 0.11 Krisciunas et al., 1987
Paranal 0.50(0.03) 0.26(0.01) 0.17(0.01) 0.13(0.01) 0.07(0.02) Giacconi et al., 1999
Paranal 0.44(0.01) 0.23(0.01) 0.11(0.01) 0.07(0.01) 0.03(0.01) Hanuschik, 2004
Siding Spring 0.54(0.02) 0.31(0.03) 0.16(0.03) 0.11(0.02) 0.09(0.03) Sung & Bessell, 2000
Tololo 0.56 0.28 0.16 0.12 Stone & Baldwin, 1983
Xinglong 0.60 0.31 0.20 0.14 0.05 Yan et al., 2000
(V—R)=09%v—r)+0.03, (12) nitude my per second is expressed as

(V —I) = 0.91(v—i) +0.64, (13) D2

(R—1I) = 0.82(r — i) + 0.57. (19  Ex=F107%mr (3) AN (15)

=

Here, capital letters denote the standard system and smal
letters denote the instrumental system.

5. System Performance

5.1.  System Efficiency

Using the photometric ohservations of the Landolt stan-
dard fields, we have estimated the total throughput of the
telescope and instrument including telescope optics, filter
transmittance and detector quantum efficiency.

The energy coming into the circle with the diameter of
D outside the Earth's atmosphere from the star of mag-
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Here, F), is the flux of a (0 magnitude star at wavelength
A, and AM is the half-width of the filter. The number of
incoming photons Nppeton are caleulated as

E, _E\

Here, f is the Planck constant, and ¢ is the the light speed.
The extinction corrected count rate of the CCD N,p. is
expressed as

C'rl‘aul

Nope = 107" G,
b, .Temp

N cale =

)



EE T T T T T T T

45|

imatremental fa-br) fmag)
@
in
T

-1 -ILE a [:1:3 1 is 2 a5 3
Londait slandard {ULE) fmag)

Fig. 12. The Landolt standard colors and the extinction cor-
rected instrumental colors are plotted for (I7— B). The dotted
straight line is the least-square fit of the data. The data were
collected on 25 June, 2004.
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Fig. 14. Same as Figure 12, but for (V — R).
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Fig. 15. Same as Figure 12, but for (V —1T).
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Fig. 16. Same as Figure 12, but for (R —1T).

Here, C',. 1s the integrated raw count of the star, T..,
is the exposure time, k is the first-order extinction coef-
ficient, X is the alrmass, and (& is the gain of the CCD.
We define the total throughput E as

"'\'-obs
b= -"\'rcalc ) H‘S)

The results are summarized in Table 5. Since the trans-
mittance of the U-band filter is unknown, we assumed a
typical value. Results for both the slow and fast readout
modes have good agreement.

5.2. Sky Background Brightness

The brightness of the night sky was measured using
the data taken on 24, 25 June, 2004. It was 6 and T
days after the new moon, respectively. The Moon was
almost golng to set on 24 June, and the elevation was
4.0 to -0.5 degree ahove the horizon. On 25 June, the
elevation of the Moon was 22.3 to 11.0 degree above the
horizon. We have selected four-minute single exposures
on 24 June and five-minute single exposures on 25 June
for UBVRI bands. The angular separations hetween the
moon and target field on 24 and 25 June are 65 and 53
degrees, respectively. The airmasses were 1.17 to 1.26 on
24 June, and 1.13 to 1.22 on 25 June. The correction for
the airmass was applied using the formula (Krisciunas &
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Table 5. The total throughput for UBVRI bands including telescope optics, filter transmittance and quantum efficiency

of the detector are summarized.

Since the transmittance of the U-band filter is unknown, we assumed typical wvalue.

Date U B v R 1 Remarks

17/Feb/2004 8% 27% B5% 47T% 20%  fast readout
24/Jun /2004 7% 26% 53% 45% 19%  slow readout
25/Jun/2004 6% 27% 54%  4T%  20%  slow readout

Schaefer, 1991)

By(Z) = B, 1070 4k=—1) 5 (19)

where
r=(1—0.96sin? Z)~%5, (20)

Here, By(Z) is the night sky brightness at zenith dis-
tance £, B.., is the night sky brightness at zenith, k is
the extinction coefficient. We measured mean background
level using the software “source extractor”. The derived
instrumental magnitudes and colors were converted into
the standard system using the coefficients in Table 3.
The color terms are taken into account. The background
brightness levels of UBVRI bands on 24 June, 2004 are
U=21.78+0.30, B =2201+0.08, V = 21.28 + 0.06,
R =20.9140.05, ] =19.40 + 0.06 mag arcsec™2, respec-
tively. On 25 June 2004, they were [V = 21.03 £ 0.20,
B =21.22+006, V = 20.83 +£0.04, R = 20.59 £ 0.05,
I=19.4740.05 mag arcsec™2, respectively. The values we
ohtained at Lulin were compared to those of major ground
based astronomical observatories in Table 6. Although the
night sky brightnesses for B and V-band are roughly 1.0
and 0.7 magnitude brighter than major astronomical sites,
it seems to be typical in East Asian region. Lin (1994)
reported the dark time night sky brightness at Lulin as
B=21.22 and V =20.72 mag arcsec™ which are brighter
than this work. This may suggest the variahbility of the
brightness of the sky at Lulin due to the light pollution
from nearby cities.

5.3, Limiting Magnitude

We estimated the limiting magnitudes of LOT and
PI1300B photometric system at Lulin. We used read-
out noise and dark current generation rate and sky back
ground brightness estimated in this work. We adopted
the CCD equation of the form

E _ -?\'rsta.r'

N \/P\‘rstm* + Npiz [:P\‘rsky + P\‘rda.f‘k + Arfeadoug)
Derived limiting magnitudes for slow readout mode are
=107, B=214,V =212, R=21.1, and | =19.9 mag
for the signal-to-noise ratio of 10 under the integration
time of 300 sec and the aperture size of 3 arcsec.

(21)

6. Summary

The performance of the LOT and VersArray:1300B
CCD photometric system at Lulin Observatory of the
Institute of Astronomy at National Central University was
evaluated. We have found the variability on the bias level
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when the fast-readout mode is used. The gain of the CCD
is different for slow and fast readout. The transformation
coefficients and the relation of instrumental and standard
colors are derived. The extinction coefficients at Lulin on
relatively dry nights are competitive to major astronom-
ical sites. The total system performance was also mea-
sured. The night sky brightnesses seems to he typical
values for ohservatory in East Asia region.
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Annual Report for the Low Mass X-ray Binary
Observations of LOT (2004)
Yi Chou and Ting-Chang Yang
Graduate Institute, National Central University

We continued using the LOT to observe the optical counterparts of Low Mass X-ray
Binaries (LMXBs) to investigate orbital modulations of the binaries and search for the
possible superhumps due to the precessions of the accretion disks. Totally 38 nights were
granted for and 5 sources, including XTE J1118+480, MS1603+2600, GX 9+9, Cyg X-3
and 4U 2129+47, were observed in 2004. The observation and data analysis results of
the black hold candidate XTE J1118+480 have been published in Ting-Chang Yang’s (1§ &
¥;) master thesis (2004, National Central University), which are briefly reported as following.
The data analyses for the other sources are still processing.

XTE J1118+480
We observed the low mass X-ray binary (LMXB) -- XTE J1118+480 in optical band with
Lulin One-meter Telescope for its timing series properties. Zurita et al.(2002) found XTE
J1118+480 still revealed superhump phenomenon near the quiescent state in 2001. We try
to observe it with LOT to verify if there are superhumps in the fully quiescent state, and to
distinguish if the source is a permanent superhump or late superhump system.

We use and setup the standard procedures, including data reductions and the CL scripts
for the photometry, to accelerate the processes for the photometric data. Differential
photometry is applied to measure the intensity variations of the target star, so the selection
for proper comparison stars is rather important. We propose some suggestions for
selecting the comparison stars to avoid the disturbances for the timing series analysis.

The companion star of LMXB is dominated in the optical observation. Because of proper
geometry relation between the binary and observer, the light curve will show ellipsoidal
modulation. Ellipsoidal modulation implies the orbital period of the binary system. We can
derive the orbital period from our observation for about one and half years, and discuss
about the evolution of the orbital period. We mainly use Lomb-Scargle (LS) power spectrum
for the periodicity analysis, and derive the signal frequency error from Monte Carlo
simulation. For the observation from 2003 to 2004, the observation data is divided into five
data sets, and the best estimated orbital period is about 0.16993349 + 0.00000090 day by
the phase analysis method. The result is consistent with that of Zurita et al. (2002). It is
verified that there are no significant change for the orbital period during the 2001--2004
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observation. The result is consistent with the small period change (P&/P 1077
t010°® yr* ) of LMXB system.

We can fit an first order approximated model of ellipsoidal modulation with the best
estimated orbital period. Subtracting the modeled light curve from the origin one, there
maybe superhump signals left in the residual light curves. But after our analysis of power
spectrum, there is no significant detection near the superhump frequency and its harmonics
of Zurita et al.(2002). Thus, we can not detect superhump signals with LOT from more than
one year observations. From the variation shape of the light curves, we consider that the
accretion disk of the system contributes too less intensity for the optical light curve, so the
superhump signals can not be detected. We can not conclude that if XTE J1118+480 is a
late superhump or permanent superhump system. It maybe need better instruments or
analytical methods to improve this.
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H-alpha Observations of Bright-Rimmed Clouds
in the Orion region
Z PR
RN S

Motivation
i & enp end & )% H-alpha filter 3p &>t = B J2 & 25 % ¢ 1 Bright-Rimmed Clouds
(BRCs), %gt“ 7 f% ionization front s # &2 E 45 & TR endp ¥ B .

Observations
11/3-11/8 1 * LOT @Lipl = &= % 75 % # 1 Bright-Rimmed Cloud- B 30, B 35IC, 2118,

LDN 1616 2 LDN 1634, i * s§_H-alpha filter.
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% 7 fi# ionization front 4 # b BleulTF £ ] 5 11 & 4.

Results
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2004 LOT Anuual Report on Open Clusters Observation
Chin-Wei Chen, Wen-Ping Chen
Graduate Institute of Astronomy, National Central University

In 2004, we proposed to continue our photometric study to determine the ages and
distances for a sample of previously observed 50 open clusters that are poorly studied in
the current cluster catalog. Unfortunately, only 2 nights out of the 11 given ones in 2004A
were photometric so we didn’'t obtain much usable data for the star clusters. Only a
well-studied intermediate age open cluster NGC2420 were obtained for photometric
calibration. Color-color diagram and H-R diagram of NGC2420 were plotted as Fig1. left
and right. The transformation coefficients were posted online: “http://
chunjiao.astro.ncu.edu.tw/~daisuke/ja/Research/Observation/lulin/pi1300b/transcoe
ff/lsummary.html”

The open cluster observation in 2004B were in November (5 nights) and December
(8 nights). It was also cloudy in November’s run and only the second half of the night on
11/22 was ok. In December’s run, the weather became much better, so about 20 poorly
studied open clusters were observed in UBV bands. An photometric pipeline has been
developed in IDL for preprocess, image reduction and aperture photometry. Data on
12/17 is under reduction, the transformation coefficients such as extinction coefficients,
color terms, zero points and color-color conversion factors for UBV is obtained. A poorly
studied open cluster, Chupina2 was reduced. Fig2 is its V band image with FOV10’x10’.
The spatial distribution in pixel scale, H-R diagram and color-color diagram of Chupina 2
were illustrated in Fig.3.

Fig.1 Left, color-color diagram, the blue solid line is the zero-age
main-sequence(ZAMS), ZAMS were reddened with E(B-V)~0.05 as the red
line. Right, H-R diagram ofNGC2420, the trun off point seems locate at
(B-V,V)=(0.4, 14.8).
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Fig3. Upper left, the spatial distribution of Chupina 2 in pixel scale.
right, H-R diagram of Chupina 2, the trun off point seems locate at (V,
Lower left, color color diagram, the blue solid line is the
zero-age main-sequence(ZAMS), ZAMS were reddened with E(B-V)~0.1 as

B-V)=(12.8, 0.4).

the red line.
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The procedure for isochrone-fitting will be completed soon. Our result in 2004 will be
presented as poster presentation in CPS2005.

In the next season, we proposed to observed Fifty-eight high galactic lattitude (b>20°
or b<-20°) open clusters(HGLOCs) with DEC>-40° to not only obtain their age and distance
determinations but learn their evolutionary history in the Milky Way.
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Fi7hKkEZ HB12¢ Rk RPIRE
C. H. Hsia®(2 &%), W. H. Ip3(5 @), J.Y. HuP(¢* B 42)
a |nstitute of Astronomy, National Central University, Taiwan, R.O.C
b Beijing Astronomical Observatory, Beijing, China
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Photometric observations of HB 12 in the Johnson photometric system

Date Start Start Filter Exposure Time
(UT) {HID 2452000 +) (hrs)

2003 Dec 03 10:56:20 976.9557 R 43

2003 Dec 04 10:51:00 977.9527 R 4.1

2003 Dec 05 10:323:40 978.0434 R 4.5

Total 13.2

Date Start Start Filter Exposure Time
(UT) {HJID 252000 +) (hrs)

2003 Dec 03 10:57:45 976.9568 I 43

2003 Dec 04 10:52:32 977.9540 I 4.1

2003 Dec 05 10:-10:05 978.8452 I 4.5

Total 13.2

(Bl- D mxdaeie * 7 4 aINN] 4 (- ) AP ftkx 2 5 F2se
HB 12 » #F3E §2 fferih®F 5 18 arcsec » ¥ 7 HB 12 ¢ < & % B h 5 g Bk B
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Reference:
De Marco, Orsola; Bond, Howard E.; Harmer, Dianne; Fleming, Andrew J. ApJL, 93,
602, 2004
Sahai, R.; Morris, M.; Knapp, G.. R.; Young, K.; Barnbaum, C., 2003, Nature, 426,
2618S.
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Date Negative Superhump  Preceding normal onthurst  Preceding super outhurst

1992 Dec 26 2448082 .55 2448981.9! 2448951
1994 Jan 14 244936655 24403652 2449339
2003 Nov 23 245200609 2452906% 2452970.5%

Table 2: The normal and super ontburst relavent to three negative superhump records

ITable 4, Patterson et al., 1995
Estimated from Fig. 16, Patterson et al., 1995

“Estimated from Fig. 2
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TAOS at Lulin in 2004
S. K. King® (£ #[ *X'), C. Alcock®, T. Axelrod®, Y. I. Byun®, W. P. Chen®([i{i¥ ), K. H. Cook/,
R. Dave®, J. Giammarco®, D. Kinoshita® (4 * i), T. Lee® (% M), M. Lehner®, C. Liang®,
J. Lissauer", S. Marshall', I. de Pater', R. Porrata’, J. Rice?, A. Wang? (i~ (= %), S. Y. Wang®
(= #£3), C. Y. Wen? (35l £.8%) and Z. W. Zhang® (B=F)

@ Institute of Astronomy & Astrophysics Preparatory Office, Academia Sinica, Nankang, Taiwan, R.O.C.
® Department of Physics & Astronomy, University of Pennsylvania, U.S.A.
¢ Steward Observatory, University of Arizona, U.S.A.
4 Department of Astronomy, Yonsei University, Korea
® Institute of Astronomy, National Central University, Chung-Li, Taiwan, R.O.C.
"Institute of Geophysics & Planetary Physics, Lawrence Livermore National Laboratory, U.S.A.

9 Department of Statistics, University of California, Berkeley, U.S.A.

_ "NASA Ames Research Center, U.S.A.

' Department of Astronomy, University of California, Berkeley, U.S.A.

TAOS project is collaboration among Academia Sinica, National Central University,
Lawrence Livermore National Laboratory (US), Yonsei University (Korea) and some
individuals. We are planning to use four robotic telescopes to monitor a few thousand star
simultaneously at a frequency around 5 Hz to look for possible occultation event generated
by kilometer size Trans-Neptunian objects at the outskirt of our solar system. Some
important activities and progress at Lulin site in the past year are

1. As a test of our system, TAOS has tried to observe some predicted occultation events
by asteroids based on Dr. Sato’s prediction. Two of them are shown here. A bright star
HIP 079407 (My = 8.80) was occulted by an asteroid (51) Nemausa (My = 11.9,
diameter = 150 km) at around 18:55 21% Feb. 2004 (UTC) which was predicted with a
maximal occultation duration around 7.5 seconds. Figure 1 was taken by TAOS B
telescope. The time interval is 0.5 seconds between the readout of two row blocks.
Each row block has a physical size of 2048 by 64 pixels in this observation. An
occultation lasts for more than ten row blocks is clearly visible. A magnitude drop about
3.5 magnitudes was detected. Another bright star HIP 050535 (My = 8.46) was
occulted by an asteroid (1723) Klemola (My = 15.7, diameter = 31 km) at around 12:10
5" Jun. 2004 (UTC) with a maximal occultation duration around 1.3 seconds, only.
TAOS telescope A and B are able to identify this event clearly while running in a
synchronous mode (Figure 2). The time interval is 0.25 seconds between the readout
of two row blocks. Though, the system is yet to be well-calibrated, an occultation lasts
for at least four row blocks (256 pixels in the horizontal direction) is still clearly visible.
Both observations were done remotely through internet connection. Local assistants
helped monitoring the system for the safety sake.
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A new lid design of telescope enclosures were installed and tested at TAOS D (in
January, see Figure 3) and TAOS C (in September). The single piece design is better
for rainproof and is lighter in weight. Together with a new driving mechanism with
counterweight, it will replace the aged old lids, soon. All four telescopes were installed
(D in April, C in October). However, the last one has too poor a quality to be useful in
the coming season. TAOS is aiming at running three telescopes simultaneously by
winter of 2004. Web-cam monitoring (Figure 4) and telephone connection were set up
for all stations.

Some single telescope (TAOS A) data was analyzed. A preliminary result was shown
in Shiaw-Chih Huang’'s master degree thesis “False Alarms in Sub- Second Aperture
Photometry with TAOS Telescopes” (National Taiwan University, 2004)

Figure 2. Occultation of HIP 050535 by (1723) Klemola on 5 June 2004.

Figure 3. TAOS D telescope
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Figure 4. Four telescopes in web cam

Month | Total Total | Man-Day
(2004) Man-Day | Nights | US team
1 15 10 0
2 18 16 0
3 25 19 0
4 27 17 0
5 17 13 0
6 18 8 36
7 12 7 14
8 2 1 0
9 12 9 0
10 31 15 31
Total 177 115 81

Table 1. ASIAA team and US team's trip to Lulin in 2004 (till 22
October). NCU team'’s trip is not included here.

66



Akl X 2 SR EAE T A R 2004 £ R IR
2R
ﬁﬁﬁﬁpiﬁﬁ
LE] = Fh g*ﬂ’:—/?

BARE 2 SR T A R k22t 2003 & B N P R R oA KIS ’T%#“ Yo FE DR R

MEL AR PP 220 PRATAEIEL A R AT LRIV IERIT K- & B
T FTEINT HE L %

1. KFREHhEgza %@%mﬁ@ﬁ@mmﬁm% gﬁm*mﬁﬁ’iﬁﬁ%éﬁ
o o B, o L,,Hr,v;@.vxﬁgggjﬂ Rk SiedkT 22004 & 6 7 19 E =
TR E B R T AEL ) RALB - o JK %‘35" ug\mA\ﬁ P FArig- B AR

CEE o PR d ”"’Himé\%‘r’ & F"“:Ff/'l @‘453—%4;:&5;1% Charge

moment change) = 630 C'km » i -] ** 2002 £ *7& Ik B < o i e BT &

(2000 Ckm); # 2 5 wi |30 F - denB R E < vfinen pﬁhz%fé_(mOOC km) o 12

WAPE T ALY FRAES AL - BERTFF > Ra > BBE BERE

THREZFLEWER - d NP R FHE ARG ARTF 6B T ghig%,ggiga;ip_ X e

B PRBR SRR R AL R E - BE & T

il
A

Lulin ELF Data 2004/06/18 Lulin ELF Data 2004/06/18
100 optical e'ventl 100 optical e'ventl
g o g o
g T
Y —100} Y 100}
L= L
17:00:35.40—-36.40 UT 17:00:35.40—-36.40 UT
—-200 I i i I | =200 I i i )
35.40 35.60 35.80 36.00 36.20 36.40 35.40 35.60 35.80 36.00 36.20 36.40

sec sec

Bl- ~ RARD R 2 5 afs MO R 0 1R] K LA TR ePE S TR A EL -

2. SABBEPATEES F AT RFPERRE AFEROEIFE LT AR T
:%?fip Lo B e 24451 Tl 4E MH4E 7 kvl 5 (ELF Whistler)z:u 55 » 2L B = - &8 >3
ZBARM %R ¥ - BEEIFA AT YL AP FRF R AR lrsq\'ﬁzt

M FERE FEPIIEMIET AN S OB B2 SR gt FA A - o Y
RABMAME R Ao § PP A5 X § 2 R 9-10am 2 & - 2 2 @B F R Fiv 2 3§
Fo PRy R A RFROP TR S PR EERT A FLR D » BT S DR
o4 Vo A Ak ek Ry R A 4 afeat(lionroar)fd Tk g1 & 2 B ek

FBIHMFRMTE - APM R > A S ENE RS TEEF A o

67



4{G:20031118\SR200311180041.dat

Sferics Waveform

Amplitnde

Time Second

| Data Size [[44000

IPFS_place [263 HE

0.000 5000 10,000 15000 20000 25000 30,000 35.000 40.000° 45.000 50.000° 55,000

S
61.000

3G 2002 11 18\SR20021 1180042401

Sferics Waveform

Amplitnde

-15000-

IPPS_place 262

Ti 4

Data Size ’W
@

0000 5,000 10,000 15,000 20.000° 25.000° 30.000° 35.000° 40.000 45.600 50,000 55.000 61,000

b

T

hial

L

sa, b s FeafE AR T A F sl 8 4

A XTI ST S Gt E A a

=L UAR

Y

s frequency-time B o (S U BLEE - iR ME T A el R

B4 e aTUR > ) CHCE R AR S % F HE L

B FlAmUs o Wlent T8 280 £ B FHE A B

Minutes after SRZ003111810 UTC

Jo— s B fE O R T UL g P o

The year of 1974 1985 2003-2004
occurrence
Location auroral latitude 65°N | midlatitude, 34° N 23.5°N
Frequency span 40-200Hz 60-180 Hz 50-100Hz
Duration 40 ~90s 40 ~90s 60~240s
Dispersion descending, no descending, no no echoes
echoes echoes
Amplitude a few pT 1-20 pT afew pT
LT Occurrence daytime daytime (maximum) daytime

Polarization of

magnetic field

E-W was measured

only

E-W

N-S(100%), weak E-W

component (37%)

Correlation with

Geomagnetic activity

insufficient sample

size

Anti-correlated

no coorelation
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LELIS (Lulin Emission Line Imaging Survey)
Tests and Preliminary Results
Wei-Hsin Sun (*73£#7), Yi-Wen Cheng (£1'] ¥ ), Shun-Tang Tseng (F m’tr[)
Chih-Chun Liu (#]3;§), Hong-Yau Mong (5:%.3%), Hsiueh-Huei Ma ([%,57#),
Bing-Way Wang (= i)

Scientific Motivation:
» So far there has not been a comprehensive and flux-calibrated survey in the 3 major
emission lines for the northern sky!

LELIS Instrumentation:
» 3 x Canon 200mm, F1.8 telephoto lens (aperture: 120mm)
» 3 xST-10 2K x 1.5K CCDs, 6.8 micron pixel, a FOV of 4.2 x 2.8 square-degree (Replacing
the previous FLI CCDs)
» 6 Interference filters of 105mm diameter, in 3 bands: H-alpha, [OIl1], and [SII], with
corresponding continuum filters
» A platform holding all 3 telescopes to perform simultaneous observations

Progresses in the past year:
» Routine observations with 2 colors have been started since January, 2005.
» We have replaced the old FLI CCDs with new ST-10 XME CCDs.
» Specific targets have been observed in 3 colors.
» Spectroscopic observations of PNe and WDs have been scheduled (2.16m telescope, March
and September, 2005) for flux calibration purpose.
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Filter Transmition Curves:
(position / width  unit: A)

Ha  :6563/50 Con.1 : 6450/ 100
[SI] :6724/50 Con.2 : 6645/ 35
[Ol11] : 5007/ 50 Con.3: 5100/ 100
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North America Nebula, [S I1] emission, single exposure 10 min (2004 / 12 / 07)
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T e
NCU/LULIN 1m Observing Proposal Form

% Observing time is allocated on a 6-month basis, January-June (A), and July-December (B).
The deadline for each is the first date of the previous month, so, e.g., to request time in Jan-Jun,
the proposal should be received by Dec. 1.

% Proposal, either in Chinese or English, should be sent to the Time Allocation Committee,
preferably via email at tac_lulin@astro.ncu.edu.tw, or via post to Graduate Institute of
Astronomy, National Central University, 300 Jungda Road, Chung-Li 32054 Taiwan. Inquiry
regarding observing requests or instrumentation can be directed to the same email contact.

% If time is granted, please make sure to fill out the Lulin Lodging Request Form
(http://www.astro.ncu.edu.tw/slt/application.htm) before the observing run.

% At times a time-honored event may require interruption of an ongoing project. The observer
will be notified, and consulted for service observations if a mutual agreement can be reached.

Season: Requested Month(s):
Principle Investigator: (in Chinese) (in English)
Affiliation: Title:
Telephone: Fax: E-mail:
Postal Address:
Primary Observer: (in Chinese) (in English)
Associate Observer:(in Chinese) (in English)

(in Chinese) (in English)
Title of
the
Project
Abstract

Time Requested [How many nights requested
in this proposal? Dark Gray Any
How many more nights to
complete the project? Dark Gray Any

Dark: 7 nights around new moon; Bright: 7 nights around full moon; Gray: else
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If you have used Lulin facilities before, please indicate the kind of results you have
obtained, e.g., status of data, papers published based on Lulin data.

Instrument to be Used: CCD camera
If you intend to use your own instrument project, please specify here. Please
contact Observatory staff for technical help.

Is the requested time part of a student’s thesis research: Yes_ ~ No___
Technical assistance needed at the telescope? Yes__ First Night Only_ No___
Transportation to Lulin needed? Yes_ ~ No___

Scientific and technical justification (with additional sheets if necessary)
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Target List: For each of your targets, list its name, rough coordinates, brightness (magnitude),
exposure time (in seconds) and required S/N.

Name | « (2000) &(2000)| Mag/band Exp. SIN Remarks
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