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 INSTRUMENT OVERVIEW 
The 4-Meter R.C. Spectrograph with UV Fast Camera and CCD in a Universal dewar offers an                
excellent combination for low to moderate resolution (270<=R<=6000) two-dimensional         
spectroscopy of astronomical sources. The Tektronix 2048x2048 chip T2KB, offers good           
sensitivity from near the atmospheric cutoff to the 9500A region. A CCD quantum efficiency of               
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~60% occurs in the region 4000-8000A. The Tek chips have 24 micron square pixels and can                
cover the full slit length (5.2 arc-minutes) with a scale of ~0.69 arcsecs/pixel. Spectral              
resolutions of 1-15A are available using a large selection of diffraction gratings. The CCD              
system operates under IRAF/ICE on a Sun Sparc 10 workstation. 
 
With the T2KB chip, the system can obtain spectra of 18th. magnitude (V) stellar objects in an                 
hour at R~430 (14A) with a S/N~60 per pixel. The overall efficiency of the system, including the                 
throughput of the atmosphere, telescope and spectrograph/detector, is 6-8% in the 5000-6000A            
region. The Tek CCDs typically have rms read noise of 3-5 electrons and a full-well capacity of                 
~200,000 electrons for linearity <=0.05%. The cosmic ray event rate is significant and it is               
suggested that long exposures be broken up into 30-60 minute segments to discriminate             
against these events. 
 
Two operating modes are available: the normal long slit mode and a multi-slit configuration              
using special entrance masks. Potential users of the multi-slit mode should refer to to the               
manual MULTI-SLITS AT KITT PEAK which is available via Mosaic or FTP. Multi-slits require              
considerably more advanced preparation than is required for the conventional long slit mode.             
Potential users are urged to talk with one of the staff contacts [J.DeVeny] early. 
 
Full data reduction capability using IRAF is available at the 4-meter using either of two               
SUN-Sparc workstations (UNIX). 
 
 OPTICAL DIAGRAM 
 



 
 TARGET ACQUISITION, AUTOGUIDING AND COMPARISON SOURCES 
 
THE 4-METER INSTRUMENT ROTATOR AND GUIDER 
 



Introduction 
The Rotator/Guider provides the interface between the telescope and the R.C. Spectrograph.            
These auxiliary devices are multi-functional providing rotation for the spectrograph, guide           
probes for locating guide stars, calibration light sources and auxiliary optics for TV acquisition              
systems. A set of Risley prisms is available for atmospheric dispersion correction. (These are              
currently being performance checked by KPNO staff before they go into operational status). 
 
TV Acquisition Systems 
 
The acquisition systems currently in use are:  

● Wide field RCA ISIT camera on the Rotator North Port 
● A Phillips ICCD camera attached to the Front Slit Viewer for long slit work or 
● A Phillips ICCD attached to the Rear Slit Viewer for multi-slit work 

The ISIT camera on the North Port is normally always in place for target acquisition and                
provides a 5 arc-minute field. It is anticipated that the ISIT will be replaced by an ICCD in the                   
near future. This camera cannot be used during integrations since a auxiliary on-axis mirror              
must be in the beam. 

The slit viewing ICCD camera provides a 2.5' field and can be used during integrations to                
monitor the field. Auto-guiding is possible using the Leaky Memory Video Integrator. 

 

In the rear slit viewing mode for multi-slit work, the ICCD cannot be used during integrations                
since a auxiliary on-axis mirror must be in the beam. The entire 5' field can be viewed in this                   
mode of operation. Using this camera and a manually inserted lens, the telescope can be               
focused using the knife-edge test. 

 

An integrating video memory, the "Leaky Memory" is available for acquisition of faint objects.              
Stellar objects of V~19.5 can be seen under good seeing conditions with ~8 seconds of               
integration (or "leak") using the wide-field system. The slit viewing systems have a limiting range               
of about V~19 under good conditions using the "Leaky Memory". 

Spectrograph Position Angle Rotation 

The range of rotation is +-90 degrees from the default east/west position. This corresponds to a                
range 0 <= PA <= 180 degrees. The spectrograph and auto-guider are remotely rotatable from               
the console room. Due to the asymmetrical weight distribution of the spectrograph, there are              
some restrictions with zenith distance. The guidelines are: 

1. For large rotations (>2deg.), the telescope must be within 30 degrees of the zenith. 
2. For small rotations or "tweaking" (<=2 deg.), the telescope must be within 50 degrees of               

the zenith. 



Additionally, for safety reasons, no one is permitted in the Cass cage during rotation if the                
telescope is more than 3 degrees from zenith. See the memo posted in the console room. 

 

The position angle can be readout either in the cage or in the console room. One can read to                   
the nearest half degree on the cage readout and to the nearest tenth of a degree using the                  
status monitor (VDU) in the console room. The Telescope Operators are responsible for the              
safety of the equipment and personnel when rotating remotely. 

Guide Star and Target Acquisition 

The acquisition of guide stars can be done quickly by the Telescope Operator using a special                
program "gstar" on the SUN to search the Space Telescope Guide Star Catalogue. The              
observer generally need not be concerned about selecting and pre-measuring guide stars,            
unless one is working well away from the galactic plane or in dark-cloud regions. Full               
capabilities exist to electronically transfer target coordinates to the telescope control computer            
from outside the Observatory. See NOAO Newsletter, #30, June 1992, page 14 for details.              
Send your coordinates to 'coords@noao.edu'. 

Specifications - 4-Meter Automatic Guider Probes 

1. Guide Probes - two exist, one for the north half of the field and one for the south half.                   
The north probe is an image dissector tube (IDT) while the south is an ILS TV camera. 

2. Guide Star Magnitude Range: 9 < B < 14 
3. Offsetting precision (~+-0.1") 
4. Range of the probes: 

a. X (east/west) +-140mm from center 
b. Y (north/south) 0-210mm from center 
c. Guide stars must be >45mm off-axis or the probe will vignette the slit 

5. Telescope Scale: 6.624 arc-seconds/mm (150 microns/arc-sec) 
6. Guide Probe Filters (north probe IDT only) 

1. A = Blue - BG37 (1mm) 
2. B = Red - OG590 (2mm) 
3. C = Neutral Density (NG3,1mm), ~2.5 mags. 
4. D = Clear (quartz plate, 1mm) 

Calibration Light Sources 

The calibration sources are located on the northeast side of the Instrument Rotator and are               
controlled via a GUI from the Telescope Control System (TCS). The main mirror in the               
Instrument Rotator must be in position 4 to allow the light to pass into the spectrograph. 

The lamp housing consists of three individual sources coupled to an integrating sphere. The              
ports are labeled A, B, and C. Each port has an optional stepping motor controlled circular                
neutral density wheel and also a filter carrier for a 2x2 inch filter. Normally the motorized ND                 
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housings are removed for increased lamp brightness. Port A, the quartz lamp, however, has a               
permanently attached ND filter wheel. Port A is dedicated to the quartz lamp, ports B and C can                  
have either the Helium-Neon-Argon source or a thorium-argon hollow-cathode lamp or a bright             
quartz lamp attached. The He-Ne-A is used for low-to-moderate resolution work and the Th-A              
hollow-cathode is useful for higher resolution work. A bright quartz lamp is intended for use at                
high dispersion. 

 GRATINGS AND GRATING PARAMETERS 

 Wavelength Coverage with Available Gratings and T2KB * 

* Coverage based on ~1500 pixels of spectrum (due to vignetting by the camera). UV 
coverage limited by response of the chip, grating and atmosphere 

Click here for Grating Efficiency Curves 

Spectral Resolution with Available Gratings 

Below is a table of spectral resolution for a slit width of 300 microns or 2 arcseconds, assuming 
2.5 pixels FWHM. Better resolution is available using smaller slit widths. 

 

Grating 1st Order -----Coverage in Å * ---- 

No. 1/mm Blaze 1st.Order 2nd.Order 3rd.Order 

BL 250 158 4000Å <8200Å -- -- 

BL 400 158 7000 8200 <4100 -- 

KPC-10A 316 4000 <4100 -- -- 

BL 181 316 7500 4100 <2000 -- 

 

KPC-17B 527 5540Å 2500Å -- -- 

BL 420 600 7500 2300 1150 -- 

KPC-007 632 5200 2100 -- -- 

KPC-22B 632 8500 2100 1050 -- 

 

BL 450 632 11000Å -- 1050 700 

KPC-18C 790 9500 1700 850 -- 

KPC-24 860 10800 1600 800 -- 

BL 380 1200 9000 1100 550 -- 

Grating First Order -----Resolution in Å * ---- 



 

 THROUGH-PUT AND GRATING EFFICIENCIES 

 Measured Through-Put for a 10th Magnitude Star 

Here is the measured signal in electrons/sec/Angstrom for a 10th magnitude star with gratings              
BL181 (1st order, 2.78 Å/pixel) and KPC-18C (2nd. order, 1.14 Å/pixel). As more data becomes               
available, this plot will be updated. The upper curve represents the signal using a very large slit                 
(~6-10") and the lower curve represents a typical signal with a 2" slit width. See the NOAO                 
Newsletter, 43, September 1995 for more information. 

No. 1/mm Blaze Å/pixel 1st.Order 2nd.Order 3rd.Order 

BL 250 158 4000Å 5.52 14.5 -- -- 

BL 400 158 7000 5.52 14.5 7.3 -- 

KPC-10A 316 4000 2.75 7.2 -- -- 

BL 181 316 7500 2.78 7.2 3.6 -- 

 

KPC-17B 527 5540Å 1.68 4.4 -- -- 

BL 420 600 7500 1.52 4.0 2.0 -- 

KPC-007 632 5200 1.39 3.7 -- -- 

KPC-22B 632 8500 1.44 3.7 1.9 -- 

 

BL 450 632 11000Å 1.39 -- 1.9 1.0 

KPC-18C 790 9500 1.14 3.0 1.5 -- 

KPC-24 860 10800 1.07 2.7 1.4 -- 

BL 380 1200 9000 0.74 2.0 1.0 -- 

https://www.noao.edu/noao/noaonews/sep95/art39.html
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Grating Efficiency Curves 

Below are charts showing the grating efficiencies. The rulings with KPC designations were ruled              
in the NOAO Gratings Lab [C engine] and the BL designations are Bausch & Lomb rulings. The                 
measurements were made by Mr. Ian Gordon of the Kitt Peak (NOAO) Gratings Laboratory in               
May 1985. All measurements are absolute efficiencies and were made at alpha+beta=46            
degrees corresponding to the collimator-to-camera included angle of the R.C. Spectrograph. 



 



 

 SLIT WIDTH AND SPECTRAL RESOLUTION 

Spectral Resolution and Slit Width 

Below is a conservative estimate of the trend of resolution or FWHM (full-width at              
half-maximum) versus slit width for the instrument using a TEK CCD. The spatial scale is ~0.69                
arcsecs/pixel. It should be pointed out that there is a general trend of slightly poorer focus as                 



one goes from the center of the field to the edge. In the spatial direction, the trend is about a                    
20% degradation when going from center-to-edge along a spectral line (at field center). 

 

Slit Width Selection 

The usual procedure for slit width selection has been to match the resolution of the detector by                 
dividing the actual slit width by the so-called demagnification factor, or the ratio of              
collimator-to-camera focal lengths. However, for spectrographs such as the RC spectrograph,           
this approximation is not always valid. For cases when the collimator-to-camera angle is greater              
than ~15 degrees, the full expression for projected slit width should be used. 

w = r (fcam / fcoll) W 

Here w is the projected slit width, W the actual (physical) slit width, and r is the "grating                  
anamorphic magnification". The factor r is a function of the grating tilt and collimator-camera              
angle, i.e. 

r = cos(t + phi/2) / cos(t - phi/2) 

where phi is the collimator-camera angle (46 degrees) and t is the grating tilt. For the UV Fast                  
Camera, the camera-to-collimator focal ratio is ~0.23 . At large grating inclinations the             
anamorphic demagnification factor becomes significant. In these cases the slit can be opened             
slightly wider without degrading the resolution. See F. Schweizer's article PASP 91, No. 539,              
149, 1979 for more information. For a complete table of grating tilts for the RC Spectrograph                
see the FTP version of the manual. 

 



Be aware that at high grating inclinations (tilt <=3500) the camera becomes over-filled resulting              
in throughput loss. This is a problem only with higher dispersion gratings. 

 

 SPECTROGRAPH OPTICAL COMPONENTS 

THE OPTICAL COMPONENTS 

The Ritchey-Chretien Spectrograph for the 4-meter telescope is the standard low resolution            
spectrograph in use at this telescope. It is a versatile instrument which has accommodated              
several detector systems over the years. All use at present is with CCDs. 

Most of the components on the spectrograph can be moved by computer controlled stepping              
motors. A GUI software package fully integrates control of the spectrograph with the telescope              
and the Rotator and Guider. 

Front Slit Viewer 

This optical system is designed for viewing the slit at all times using a ICCD TV acquisition                 
system. The optical design uses the light reflecting off the spectrograph slit for acquisition of the                



object and also allows monitoring during an exposure. A three position filter bolt is available with                
a blue (BG38) and an orange (OG550) filter, and a clear position. 

 

An integrating video memory, "the leaky memory" is available for acquisition of faint objects.              
Stellar objects of V~19.5 can be seen under excellent seeing conditions with 8 seconds of               
integration (or "leak"). Measured offsets are generally recommended for setting on stellar            
objects fainter than about V=18.5 under average seeing conditions. 

Post-Slit Viewer 

The post-slit viewer can be equipped with an ICCD TV camera allowing the observer to see                
what is coming through the slit. A motorized pick-off mirror gathers all of the light coming                
through the slit, and, therefore, prohibits its use during an integration. By manually inserting a               
special negative lens in front of the camera, knife-edge focusing of the telescope is possible.               
The post-slit camera is normally mounted only for multi-slit work. This camera cannot be used               
during integrations since a auxiliary on-axis mirror must be in the beam. No filters are available. 

Comparison Lens 

This lens located immediately above the spectrograph slit is used in conjunction with the              
comparison calibration sources. The lens is necessary to produce a f/8 beam from the              
comparison sources and also significantly improves the uniformity of illumination. 

Observers should be sure that this lens is NOT in position over the slit during focusing or an                  
incorrect telescope focus will result. 

Decker Dimensions 

The decker is a movable mask located immediately above the slit to control slit length. Its                
dimensions are given in the following table. It is generally advantageous to reformat the chip to                
the size decker needed for the observations. Be sure to allow sufficient slit length for adequate                
sky subtraction. 

 

 No. Stellar Window 

 Length Length 

 arcsecs mm 

1 12 1.85 

2 24 3.71 



Slit 

The slit is bi-parting with a length of 50mm and a maximum width of 50mm. The front surface is                   
aluminized and tilted for use with the front slit viewing system acquisition TV. Typical slit widths                
are 150-400 microns or 1 to ~2.5 arcsecs. The scale of the 4-meter telescope is 6.624 arcsecs                 
per mm (150 microns/arcsec). On the chip the spatial scale is 0.69 arcsecs/pixel for a               
24-micron pixel TEK chip. 

The slit width is readable via the encoder and spectrograph control software or via the               
mechanical Durant counter on the spectrograph itself. Each unit on the Durant counter is 20               
microns. Note that the slit encoder has 15 bits and, consequently, can only be set to 32,767                 
microns via computer [for multi-slit programs]. Hand cranking is required to reach the full 50mm               
width. 

Great care must be taken when setting the slit width, as damage can result if the mechanism                 
accidentally attempts to set widths less than about 12 microns. 

Upper Filter Bolt - Order Separation Filters 

The upper filter location on the spectrograph can be occupied by any one of four               
interchangeable bolts each carrying four filters plus a clear position. These filters are 3.5-inches              
square and are not interchangeable with the filters in the lower filter bolt. The bolt must be                 
manually installed in the spectrograph. The current configuration for the run is kept in a TCS                
configuration file which will be updated by the Instrument Support person assigned to the              
observing run. One filter bolt contains a standard filter configuration which we try to keep intact.                
It is listed below. 

 

3 49 7.42 

4 98 14.86 

5 205 30.99 

Open 330 50. 

Upper Filter Bolt Std. Configuration 

Slot Filter,Thick. Posn.Readout 

1 Clear 734 

2 GG-495, 3mm 567 

3 GG-420, 3mm 381 



* Located at the handle end of the bolt. 

# A crystal-mosaic filter, too small for multi-slit panoramic work. 

Additional Filters 

Here is a complete list of the filters available for the upper bolt. 

# Note: The CuSO4 filter is a crystal mosaic - very fragile. PLEASE DO NOT REMOVE IT                 
FROM THE STANDARD FILTER BOLT. Also, due to its retangular shape, it will vignette the               
field and it should not be used for multi-slit panoramic work. 

Observers and instrument support personnel should check that the proper filters are in the              
spectrograph and that the GUI list is current. Don't make assumptions! 

4 RG-610, 3mm 197 

5* CuSO4 #, 8mm 011 

WG-345 1mm BG-39 2mm 

WG-360 2mm OG-530 3mm 

GG-375 1mm OG-570 3mm 

GG-385 3mm RG-610 3mm 

GG-420 3mm RG-645 3mm 

GG-455 3mm RG-695 3mm 

GG-475 3mm RG-830 3mm 

GG-495 3mm KG-2 2mm 

CuSO4 8mm# KG-3 2mm 

BG-38 2mm CS 4-96 



 

Lower Filter Bolt - Neutral Density Attenuators 

The lower filter bolt contains Inconel on quartz substrate filters which are approximately neutral              
from ~3300 to 9000A. The filters should be calibrated with a standard star for accurate               
spectrophotometry. 

These filters are 3.875-inches square and ARE NOT interchangeable with the upper filters. 

 

* Located at the handle end of the bolt. 

Shutter 

A "guillotine-type" shutter has been installed in the spectrograph replacing the original            
four-position spectrograph shutter. The new mechanism, operated via the CCD controller only,            

Lower Filter Bolt  

Slot Filter Counter Setting 

1 Clear 735 

2 0.0 mag. 567 

3 2.5 mag. 381 

4 5.0 mag. 197 

5* 7.5 mag. 011 



is fast and accurate. One second exposures are reproducible to within \(+-3%. The shutter              
motion produces equal exposure across all parts of the optical beam, unlike iris-type shutters. 

Collimator Mirror 

The mirror is an off-axis f/7.6 paraboloid with a focal length of 1161mm and a diameter of                 
241mm. The angle between the optical axis of the telescope and the center of the grating is 11                  
degrees. The included angle from the collimator to the camera is 46 degrees. The total focus                
travel is 38.1mm. The least significant digit on the mechanical readout equals 0.050 mm. The               
nominal center of travel is 500 on the readout. The auto-collimation position (without any filters               
in the beam) is 510 units. If the multi-slit assembly is used in place of the slit, the collimator                   
position must be changed to ~290 for best focus. Position. 

Collimator Positioning 

mm = (encoder - 500) * 0.05 

The UV Fast Camera 

The UV Fast Camera is a catadioptric design by Jorge Simmons (NOAO). The camera was               
fabricated early in 1986 and went into full service in May 1986. It has a thin meniscus corrector,                  
a solid body with one internal surface acting as a secondary and a rear element attached to the                  
main body followed by a single lens. There are six air-to-glass intervals and two aluminized               
surfaces. The back working distance is sufficient to reach into CCD dewars. The quartz material               
used is of the highest quality and the overall camera transmission is thought to be >85% for the                  
region 0.3-1.1 microns. The image quality is typically 25 microns FWHM at the center of the field                 
and ~35 microns at the edge. The MTF is ~64% at 30 lp and ~30% at 50 lp, a noticeable                    
improvement over the old Singer camera. The field vignetting is also noticeably improved over              
the Singer and is only 5% at a field angle of 3 degrees. The focal length is 265mm, producing a                    
slit reduction factor (demagnification) of ~4.4x. 

In order to achieve optimum focus, with the collimator near its auto-collimation position (510),              
the camera itself may have to be moved. If the collimator focus falls outside the range 425<=                 
collimator focus <=575, the camera should be adjusted. If collimator focus falls below 425, move               
the camera to HIGHER numbers on the engraved scale on the camera body. Moving the               
camera longitudinally by ~.25mm will cause the collimator to move by ~100 units. This              

Mirror 
Position 

Encoder 
Readout 

Position 
for GUI 

UP LIMIT 0 -25mm 

NOMINAL 500 0 mm 

DOWN LIMIT 1000 +25mm 



adjustment should only be attempted by someone intimately familiar with the instrument. The             
camera position is readout in volts from a linear transducer. 

In this camera design, a ray must make a triple-pass through many inches of quartz. Even                
though the optics are of the best grade quartz obtainable, scattering within the quartz may               
cause difficulties with flat-fielding for projects requiring very high signal-to-noise ratios. 

Gratings 

A list of gratings and their parameters. 

Grating Change Policy 

The current collection of twelve gratings represents a sizeable investment of capital and are a               
tremendous scientific resource. To protect this resource, we would like grating changes to be              
done either by your telescope operator, a technical assistant or your instrument assistant.             
Please let them take the responsibility as the gratings are quite heavy and difficult to handle.                
Grating changes at night can be done with only a loss of 10-15 minutes of observing time if tilts,                   
filters, and focus are predetermined. Generally, however, it is most efficient to plan your              
observing program with grating changes taking place in the afternoon. 

 THE T2KB CCD: ITS SPECIFICATIONS AND CONTROL SOFTWARE 

The chip normally assigned to the RC Spectrograph is T2KB. This is one of the best chips at the                   
Observatory with ~4 electrons rms readout noise, over 200,000 electrons full-well and excellent             
quantum efficiency. The default gain setting is 3.2electrons/ADU (gain index:4). This is the gain              
setting for which the chip has been adjusted for minimum horizonal streaking (7/1995). The              
radiation event rate for this chip is very significant and results in a maximun practical exposure                
time of about one hour. It is recommended to take two or three short exposures to properly                 
discriminate against these cosmic-ray events. 

UV Fast Camera Focus Control 

Turn Clockwise To Remove 
Backlash and Make Final Setting 
(toward more positive voltages) 

Typical Focus Interval: 0.1 volts 
 

0.012 inches / volt 
0.311 mm / volt 

CCW moves camera away from chip 



 

 

 

CCD Specifications: 

CCD SN : 1428BR03-01 DATE: 3/9/95 

PIXEL SIZE : 24u x 24u 

CHIP SIZE : 2048 x 2048 

DIGITAL LIMITATION : 32,767 

BIAS LEVEL : ~600 

MICROCODE : T2KB (CHE-13) 

PREFLASH, e- : none 

AMPLIFIER : AMPLIFIER : D 

NOISE, e-/RMS : NOISE, e-/RMS : 4.0 

GAIN, e-/ADU : GAIN, e-/ADU : 10.7,8.2,5.4,3.2,2.0,1.1 

GAIN, DETPARS# : GAIN, DETPARS# : 1 2 3 4 5 6 

LINEARITY,0.1%,e- : LINEARITY,0.1%,e-: ~220,000 

LINEARITY,1.0%,e- : LINEARITY,1.0%,e-: ~250,000 

RADIATION EVENT RATE, EVENTS/HR : 3000 !! 

CONTROL TEMP. deg C (thermocouple) : -165.7, -95.9 

COMPUTER TEMP. deg C (ccdinfo) :  

DARK CURRENT, e-/hr/pix : <4 (non-MPP) 

NOTES 
: Slight background above bias ~2.2e-. 
: Excellent CTE. 



IRAF-ICE Command Summary: 

For the complete documentation for the IRAF Control Environment [ICE] see: An Observer's 
Guide to Taking CCD Data with ICE. 

 

 
 

 

DQE 900nm, % 33.1 

DQE 800nm, % 60.3 

DQE 700nm, % 79.9 

DQE 600nm, % 81.8 

DQE 500nm, % 76.5 

DQE 405nm, % 64.9 

DQE 365nm, % 49.8 

DQE 320nm, % 16.0 

obsinit 
Clear the data directory and initialize the system 
for a new observer. Use under the UNIX prompt. 

observe Take a object, zero, dark, flat, or comp image 

<n> mores Repeat the last 'observe' times 

flpr flush the process after a control-c abort 

zero Take a series of zero images 

object Take a series of object images 

flat Take a series of flat images 

comp Take a series of comp images 

dark Take a series of darks 

test Take a test image and overwrite previous test image 

detpars  Set the detector parameters for CCD format and gain 

obspars Set the observing parameters 

telpars Set the telescope parameters 

instrpars Set the instrument parameters, DISPAXIS=1 

ccdinfo List CCD status and other important information 

tele Test TCS link for transmission of header data 

https://noirlab.edu/science/documents/scidoc0113
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