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I. INTRODUCTION

The Scanner Data Reduction System (SDRS) is a collection of computerx
programs which will convert Image-Tube Scanner data into spectra on linear
wavelength and intensity scales, These programs will run on the Lick
Observatory PDP-8I computers; The raw data collected by the Image-Tube Scan-—
ner system are stored on a magnetic tape containing a series of scans of the
program star and sky, standard star and sky, and the sky alone, all of which
are on a distorted wavelength scale and have not been corrected for atmospheric
extinction, scanner sensitivity as a function of wavelength, or pailred pulses,
The SDRS programs allow the user to combine these scans into one scan in
which each channel, corresponding to a particulér wavelength, contains the
ratio of counting rates of the program star to the standard star, corrected
for extinction and paired pulses and with the sky counting rate subtracted out.
A forthcoming extension of the system will allow this ratio of counting rates
to be converted to absolute fluxzes.

This manual attempts to give, first, a general overview of the system
and, second, a user's guide to each individual program. A complete listing of
all programs is dincluded as an appendix. The Scanner Data Reduction System
is unfortunately rather complicated to use. Before expecting Real Data to
flow out of the computer, the budding young data reducer is urged to (1) read
this manual all the way through, and (2) set aside two or three hours for

experimenting on the computer.




L1, AN OVERVIEW OF THE SYSTEM

1. The General Course of Events

The SDRS programs perform the following operations on Image-Tube Scanner

data:
1)
(2)
(3)
(4)

(5).

(6)
7

(8)

(2)

calibrate the non-linear wavelength scale.
correct for paired pulses,

subtract the sky background.

correct for atmospheric extinctiomn.

add together all of the scans for a given object.
find the counting rate for each channel,

divide by the spectrum of a smooth standard source (either a standard
star or a quartz lamp).

if dividing by a stellar spectrum, remove the effects of any
absorption lines.

transform to a linear wavelength scale.

In order for all of the above to actually happen, the following input

data are essential:

1)
(2)
(3)
(4)

program star scans.

standard star and/or quértz lamp scans.

neon-argon lamp scan.

a log of the contents of each scan on the raw data tapes; including
object name, declination, hour angle, dwell time, and which slit the

object 1s in. This may be either in hand-written form or stored on
the raw data tape.

If it is planned to eventually transform the data to a linear Fv scale,

the prudent cobserver will have obtained scans of both the standard star and

the quartz lamp, The intensity calibration programs now in development will

be able to work either from

[Program Star]/[Standard Star]




or from the combination of
IProgram Star]/QﬁartZtLampJ
and
[8tandard Stér][Quartz Lamp].
If the fiyst option is ﬁsed; the quartz lamp spectrum is still required in
the "LINE ZAPPER" program (see below). If the quartz lamp spectrum goes to
zero anywhere, vafidué disasters can happen; so it is best to add together
three different scans of the lamp; taken at grating settings around 2800,
3000 and 3200:
The general flow of data through the SDRS program is:
Raw Data Tapes ﬁ-Scratch.Area; SDRS Tape
Seratch Area, SDRS Tape -» Reduced Data Tape
So in addition to the SDRS tape (the one with the programs on it), you will
need a blank tape to store the reduced data om.

The first six programs are meant to be used in the order in which they
appear on the selector switch (see Fig. 1). The wavelength calibration comes
first, because it is necessary to know the wavelength corresponding to each
channel in order to know the atmospheric extinction coefficient at each
channel, The next program adds up all of the data for each object, correcting
for paired pulses, sky background, and extinction, and saves it on the scratch
area of the SDRS tape, but still keeps separate the output from the two
spectrograph slits. This completes the phase of transferring data from the

raw data tapes to the SDRS tape.

It is next necessary to diyide by a smooth. continuum source to remove
discontinuities in the spectrum caused by changes in sensitivity across the
face of the Tmage tubes. The flow of data is now from the SDRS tape scratch

area to the Reduced Data Tape; the second tape drive, which was first used to
input data from the Raw Data Tapes, is now used to output data into the Reduced
Data Tape.
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Figure 1
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A slight complication now arises - the scanner can be used to observe
either stellar objects, where the star i1s scanned alternately in the left and
right spectrograph slits, or to observe extended objects filling both slits
where the scanner alternately looks at the nebula in both slits and then the
sky at some offset position in both slits, The first type of observing
procedure will be called the "stellar mode", the second the "nebular mode".
If the data have been obtained in the stellar mode, which is the usual case,
the data from the two slits can now be combined. For the nebular mode data,
this step should be bypassed (see "Using the Programs').

The final operation is to transform the data to a linear wavelength
scale, using the calibration found with the first program. There is a net
squeezing of the data to any scale desired; gemerally 2,50, 1.25 or .625
A /channel, depending on the grating dispersion (see Section IILIL.5)., Channels
toward the red end of the spectrum will contain zeros, except that the last
three channels will contaln information about the wavelength range of the scan
and a scale factor for the data. The scale factor is an exponent -— the con-

(scale factor)

tents of the data channels should be multiplied by 10 to obtain

the ratio of counting rates of the program star to the continuum source.

2. Summary of the SDRS Programs

To reduce data for stellar objects to a plot on a linear wavelength scale,
programs l-6 are generally used in order. The other programs represent
various options and frills.
The programs presently available are:
(1) LAMBDA CALIBRATION: calculates the function necessary to convert from
channel number to A. The actual conversion is performed later, in SCRUNCH.
(2) SUM RAW DATA (WITH LOG): sums all scans of a single object, subtracts sky,
applies deadtime and extinction corrections for data with labels written

by the LOG I.D, routdne at the telescope.




(3) COMBINE SLITS: adds together data taken in the left and right slits
after dividing by a calibration spectrum.

(4) LINE ZAPPER: removes absorption lines introduced by the calibration
spectrum,

(5) SCRUNCH: transforms scans to a linear wavelength scale.

(6) PLOT: CRT or Calcomp plot of data from tape,

(7) SUM RAW DATA (NO LOG): same as (2), except declination, slit, dwell,
and hour angle have to be typed in by hand.

(8) NOISE FILTER: applies either a low-pass nolse filter or a Gaussian
smoothing to reduced data.

(9) UTILITY PROGRAMS: programs which didn't fit in anyﬁhere else; used for
moving séans from place to place on tape, adding, subtracting, and
dividing scans, etc.

(10) BATCH PLOT: automatic Calcomp plotting of any number of scans from one
DECTAPE.

(11) BATCH SCRUNCH: automatic scrunching of any number of scans from one
DECTAPE.

(12) LOG LIST RAW DATA: dumps out log information from up to 20 raw data tapes.

(13) 1LOG EDIT RAW DATA: allows altering of log information on raw data tapes.

(14) REDUCED DATA LOG LIST/EDIT: choice of listing or editing identifying

information on Reduced Data Tape.

3. Data Storage Format on DECTAPE

A probable source of confusion is the system of numbering scans stored on
tape. The term "scan" is applied to spectra of two different lengths - 2048
channels or 4096 channels.

4096 channel scans always contain information from both spectrograph slits -

the raw data tapes and the partially processed data stored on the SDRS tape




are in this format,

Since only 2048 different wavelengths are actually observed, the reduced
data will come out in 2048 channel scans.

When the programs ask for "scan no,'", some are referring to 4096 ch, scans
and others are referring to 2048 ch. scans., Table 1 is provided to keep you
from going astray. Programs asking for 2048 ch, scan input can alway operate
on % of a 4096 ch, scan., The margin of the log sheets (see Fig. 2) provides
a conversion table between the numbering systems for 2048 ch., scans and

4096 ch. scans,

4, The Extinction and Wavelength Tables

Two tables are stored on the disk for use by the system, They occupy
disk records 17-25. Neither can be wiped out by any SDRS program,

The Extinction Table (disk records 18-25) contains the atmospheric ex-
tinction coefficient for each channel of raw data, It is loaded during ex~
ecution of the SUM RAW DATA program if the question '"NEW EXT. TBL,?" is answered
"y",  The program finds the wavelength of each channel from the calibration
determined in the LAMBDA CALIB, program, and then the extinction coefficient
as a function of wavelength is approximated by a fourth order polynomial k{d\)
= f(x), x = 1/(2-2900) with coefficients G, through C, equal to 3.2488E-2,

2, 7062E2, 3.2827E5, -2.4503E8, and 4, 8804E10 respectively, The Extinction
Table needs to be reloaded only when starting to reduce data taken at a new
grating setting.

The Lambda Table (disk record 17) contains 100 times the wavelength of
every fourth channel of raw data. It is also computed from the calibration
found in the LAMBDA CALIB. program, and is loaded from the SCRUNCH or BATCH
SCRUNCH programs if the question "NEW TAMBDA TBL.?" is answered "Y". The
Lambda Table should only be reloaded when starting to reduce data taken at

a new grating setting,
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Neither of these tables is loaded automatically, and if they are not
properly loaded in when required, program execution will proceed with no
warning given and will lead to sometimes plausible, but usually wrong,

results!

5, Negative Scan Numbers

Entering a negative scan # when a program wants to read a scan from tape
usually gets you back to the calling program, but sometimes just causes that
step in the program to be skipped.

Asking the program to save a negative scan # always causes a step to be

skipped, with nothing saved on tape.

6. Using the Programs

Tt is assumed that the potential user knows how to operate the computer
hardware and has some slight experience with LICK FOCAL. SDRS requires the
teletype, disk, two DECTAPE drives, the CRT and the Calcomp plotter. For best
results, they should all be turned on. Keep an eye peeled on the CRT; impor-
tant messages are liable to flash up on the screen at any time. To get going,
bootstrap the SDRS Tape on Unit 8 and type "GO". The CRT will display "SCANNER
DATA REDUCTION SYSTEM", "SELECT DESIRED SUBROUTINE AND PRESS START". This
message will always be displayed when the system is wailting for a new program
to be selected. Control can always be returned to this calling program by
stopping execution with "Control - C" and then typing "Go" (Return). Set
switches (1,1) and (1,4) on the switch panel to the desired program, then press
the green "START" button (switch 3,8).

Mount the data tape containing the neon scan on Unit 7 and use the
LAMBDA CALIBRATTION program to obtain the coefficients for a power serles

A = f (channel #). These coefficients will be stored in a special table on




1%

the SDRS tape (so Unit 8 must be on "WRITE ENABLE'"). This special table
(the Lambda Calibration Table) automatically stores the coefficients com~
prising each new calibration under a different number. The program types
out that calibration number. Separate sets of coefficients are stored for
the left and right slits, but under the same calibration number. This
calibration can be recalled at any time in the future when a program asks
for "CALIB. NO.:"; where appropriaﬁe you will also be asked to specify
whether left slit calibration, right slit calibration, or the average of both
slits.

| Now use the SUM RAW DATA program to go through all of your raw data
tapes, converting the series of scans for each object into one scan per object
with sky subtracted, which will be stored on the "scratch" area on the back of
the SDRS tape. Be sure to also do this for a continuum source, preferably for
both a standard star and a sum of quartz lamp scans (at enough different
grating settings to get a relatively smooth spectrum).

We now arrive at a three-way fork in the road, depending on whether the
data were obtained in the "stellar" or 'nebular" modes, and, in the case of
the stellar mode, whether it is worth doubling the processing time to get a
slightly more accurate wavelength scale. The three types of reduction will be
described separately in the following paragraphs.

Stellar Mode: The normal reduction procedure for a stellar object

involves using COMBINE SLITS as the third program. COMBINE SLITS accepts data
in 4096 channel format from the scratech area of the SDRS tape. The data are
divided by the continuum spectrum (standard star or quartz lamp), and then

the two slits are added together. Output is a 2048 channel scan, onto Unit.7;
the raw data tape formerly on Unit 7 must be replaced by a Reduced Data Tape
before this operation. The scan written onto the Reduced Data Tape will

contain, for each channel, the ratio of counting rates of the program star to
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the continuum source, Use COMBINE SLITS on all data taken at the same
grating setting before moving on to the next step.

The remaining programs will normally read data from the Reduced Data
Tape and then write their output back onto the same spot. If the continuum
source is a star, it is necessary to use the LINE ZAPPER program to remove
the effects of any stellar absorption lines; LINE ZAPPER requires a scan of
[Standard Star]/[Quartz], from which the line profiles are measured. Then,
one by one, the scans containing [Program Star]/[Standard Star] are read in,
the effects of the line profiles are removed, and the data are rewritten onto
the Reduced Data Tape. This should be done for all program stars observed at
the same grating setting before moving on to the next step. If the continuum
source is a quartz lamp, LINE ZAPPER should be bypassed.

Finally, the data should be put onto a linear wavelength scale, using
SCRUNCH or, more conveniently, BATCH SCRUNCH. The program will ask 1f a "NEW
LAMBDA. TABLE" is desired. Answer "Y" (yes); the program will ask for
"SLIT <L,R,B>:" (answer "B'" = both slits averaged together), and for the number
of the calibration found in the LAMBDA CALIB. program. If the BATCH SCRUNCH
is used, the data must be on Unit 7; you can just type in the scan numbers,
write enable Unit 7, and take a coffee break. The SCRUNCH programs require
ten minutes per scan.

Nebular Mode: This method of reduction is used for observations of an

extended object which filled both spectrograph slits. The LAMBDA CALIB. and
SUM RAW DATA programs are used as described above (but be sure to use slit
codes "B" and "S" when they are required in SUM RAW DATA; see Section ITI.2),
Since the two slits will have received data from different parts of the
nebula, it will generally not be correct to combine channels. Instead, the

summed data for each slit must separately be pulled from the scratch area of
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the SDRS tape and divided by a continuum source (standard star or quartz

lamp for the same slit algo taken from the scratch area of the SDRS tape),
and the result must then be saved on the Reduced Data Tape on Unit 7 (the
raw data tape formerly on Unit 7 must be removed before this step). This
division is accomplished by using the UTILITY PROGRAMS package options C
(clear buffer), A (add scan from Unit 8 to buffer), D (divide buffer by scan
from Unit 8), and S (save buffer on Unit 7). This should be done for all
objects observed at the same grating setting before moving on to the next step.
Please note that SUM RAW DATA puts scans on the scratch area of the SDRS tape
under 4096 channel format, but that the UTILITY PROGRAMS read in scans under
the 2048 channel format, so that conversion of scan numbers is required (see
Fig. 2 for comversion chart).

The remaining programs will normally read data from the Reduced Data
Tape, modify it, and then write it back onto the same spot on the Reduced
Data Tape. If the continuum source is a star it is necessary to use the LINE
ZAPPER program to remove the effects of any stellar absorption lines. LINE
ZAPPER should be used separately for left and right slit data (see Sectiom
I1T.4).

The data can then be put onto a linear wavelength scale, using SCRUNCH
or BATCH SCRUNCH., When the program asks 'NEW LAMBDA TABLE?" answer "Y" (yes).
The program will then ask for "SLIT <L,R,B>:" (answer L = left slit or R =
right slit as appropriate), and for the number of the calibration found in
the LAMBDA CALIB. program. If BATCH SCRUNCH is used, all of the right slit
data should be scrunched, then a new lambda table for the left slit should be
loaded and the left slit data scrunched.

Stellar Mode, More Accurate Wavelength Scale: Because the wavelength

calibrations for the left and right slits are in general slightly different
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(due to pincushion distortion and, possibly, a tilted spectrograph slit),
adding together uncalibrated data for the two slits, as is done in the normal
reduction technique, can lead to some uncertainties (of up to a few }) in

the wavelength scale and to a degradation in the spectral resolution. A
better, but slower, way to reduce the data is to "scrunch" the data for the
two slits separately, and then add together the results.

As a start, the data should be reduced exactly as described above for
the "nebular mode". This will result in the left and right slits both on
linear, but slightly displaced, wavelength scales. The data for the two slits
must be shifted so that the wavelength scales line up, and then the two slits
must be added together. This is accomplished by again calling the UTILITY
PROGRAMS, and using the options "C" (clear buffer), "A" (add), "SD" (shift
data to align), "A" (add in the other slit), and "S" (save on Reduced Data
Tape). The SD option shifts data by x channels, where x can be computed from
x = AA/L.25 for first order spectra, or x = AA/.625 for second order spectra,
AA can be found from the starting wavelengths typed out during SCRUNCH or

BATCH SCRUNCH.
III. A USER'S GUIDE TO INDIVIDUAL PROGRAMS

1. Lambda Calibration

This program will find, for each slit, a polynomial giving one hundred
times the wavelength of each channel as a function of channel number. A choice
of third or fifth order polynomials, determined by a least squares fit, is
provided. The fifth order polynomial, which should be used with caution, will
in many cases give a more accurate wavelength determination. The program
finds a separate set of polynomial coefficients for each slit: these coefficients

are then stored om the SDRS tape and assigned a specific "calibration number"
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(1-85) by which they may be recalled at any future time. The program does
not do anything about actually converting the data to a linear wavelength
scale; this 1s done later in the SCRUNCH. program using the calibration found
in the present program,

The calibration is first determined for the right slit, and then most of
the process is repeated for the left slit. The program normally expects to

read in and display scans of the neon lamp and, if necessary, the night sky,

after which the user will identify 5 well-spaced emission lines in the spectrum.

The program will then proceed to identify all of the emission lines in the
spectrum and make a polynomial fit to these., If a neon scan isn't available,

or if the program seems to be making a wrong identification, the user is

given the opportunity of "bailing out" at several points. The bail-out routine

allows the user to identify all of the emission lines by hand. This program
requires about 10 minutes, and there are periods of a few minutes during
which it computes with no output to indicate normal operation,

INPUT: raw data tape on Unit 7 (set on "WRITE LOCK™)

OUTPUT: polynomial coefficients onto Unit 8 (set on "WRITE ENABLE")
OPERATION: Once the program has been called from switches (1,1) and (3,8),
the CRT asks "NEON COMP SCAN No (-1 IF NONE):". If no neon scan is available
type ~1 to get into the bail-out routine (see below). Otherwise, type in the
appropriate neon scan number. The neon scan will be read from tape and dis-
played on the CRT screen. The CRT will then ask "TYPE -1 IF SKY LINES ARE
NEEDED:". Sky lines are necessary if the scan extends to the blue of 5850 4,
otherwise hit the return key. If -1 is entered, the CRT asks for scans with
the sky in the right, and then the left slit (they can be the same). A
summary of instructions will then be displayed; press the “ALT MODE" key to

continue,
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The program will next spend several minutes locating all of the peaks
in the neon and sky spectra for the right slit. During this time, the neon
scan will be displayed on the bottom half of the CRT screen, and the sky scan
(if used) will be on the upper half of the screen. The spectra will be
divided by a horizontal line with two vertical hash marks on it. When the
peak finding is completed, the joystick marker will be displayed and you will
be asked to mark five lines, using the joystick. The horizontal part of the
marker must be in the upper half of the screen when marking sky lines, and
in the lower half when marking neon lines. As each line is marked, the CRT
asks "LA = "; type in the wavelength in Angstroms. If the peak finding
routine has not picked up the line or if the marker is too far from the line
center, the marker will just reappear; try again or go on to another linme.
Important: of 5 lines, one should be near each end outside of the hash marks,
and three should be between the hash marks. After the fifth wavelength has
been typed in, the marker will reappear; press button (3,11) without moving
the joysﬁick to go to the next step.

A linear fit will be made to the three central peoinits, after which the
residuals [A(calculated) —x(observed)] vs. [channel number] will be displayed.
These should look like a cubic. The CRT will ask "OK?"; if the answer is
"N" (no), you will be given a choice of repeating the line identifications or
going to the bail-out routine., If things are OK the program will identify
all usable lines from an internal wavelength table and display them on the
residual plot. You will again be asked if things look OK, with the same
choices in case they don't. The program will fit a cubic equation to the
residuals and plot the result. The CRT then asks if you want to fit a fifth
order equation to the residuals from the third order polynomial, and does so

if desired, The final option is whether to type out the residuals of the
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total polynomial fit. The coefficients are stored on tape #8 as calibrations

* -
1+ 85 . The program then loops back and repeats for the left slit, bypassing
the step of identifying five lines by hand.

THE BAIL-OUT ROUTINE: in case of disaster, the bail-out routine allows you

to identify all lines by hand, using the joystick to mark Iines on the CRT
display and then asking for the wavelength to be typed in. The "Complete

Bail Out" (called for the case of no neon scan) asks for two comparison spectra
in each slit., If just one spectrum is available for a slit, enter the same
gcan number twice.

2. Sum Raw Data

This program will add up all of the scans for a given object, subtracting
the sky background and correcting for paired pulses and atmospheric extinction.
If it is used with data for which no log labels were stored on tape at the
telescope, a table of declination, scan number, slit, dwell, and hour angle
must be typed in., The LOG-LIST RAW DATA program can be used to check if labels
are on the raw data tapes. The data from the left and right slits are not
combined in this program.

INPUT: raw data tape on Unit 7 (set to "WRITE LOCK')

OUTPUT: onto the scratch area of the SDRS tape on Unit 8 (set to "WRITE ENABLE"),
in 4096 channel format in the order: right slit, left slkit.

OPERATION: This program is called by either SUM RAW DATA (WITH LOG) or SUM

RAW DATA (NO 10G). In either case, it first asks "NEW EXT. TBL.? (Y OR N):",

The extinction table (see Section II.4) must always be loaded when starting

%
“Note: After calibration number 85 has been used, the program automatically
reinitializes to calibration 1, and previous calibrations will be written
over. ' :
Coefficients are stored in a normalized integer format for maximum
precision; the numbers typed out by the grogram have been multiplied by: C@, 10;
cl, 20000; c2, 8 x 107; c3, 101%; c4, 10'%; ¢5, 107,
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to reduce data from a new grating setting; type "Y" and the teletype will
ask "CALIB. NO,:", referring to the calibration found in the LAMBDA CALIBRATION
program. Entering a zero here will lead to a zero extinction correctiom.
The table does not need to be reloaded as long as you continue to reduce data
taken at the grating setting for which it is already loaded (type "N"). To
return to the calling program, type "-2".
WITH LOG: The program will now ask which scan numbers should be processed;
enter -1 as the last scan number. If 100 is added to a scan number, you will
be asked to change to a new raw data tape before that scan is processed.
NO LOG: In this case, you will be asked for the object's declination in the
format DEG. MIN (i.e. 15.20 = 15°20'). Then fill in the table of scan number,
slit code, dwell, and hour angle.

Scan number: add 100 to scan number to change raw data tapes.

enter -1 to signal end of data input.
enter -2 to ball out.

§lit code: R = star in right slit, sky in left slit.
L = star in left slit, sky in right slit.
B = nebula in both slits.
S = sky in both slits.
Q = quartz lamp in both slits.
Dwell: in minutes
H. A.: four angle in format HR. MIN (i.e. 3°13" = 3,13).

IN CASE OF ERROR: start entering -2 at every opportunity. Further processing

will be curtailed.

STORING THE OUTPUT: The CRT will display the output for each slit broken up

into four segments at different offsets, with the shortest wavelength segment
at the bottom. The slits will be plotted one on top of the other. The tele-
type will ask which scan on the back part of the SDRS/scratch tape the output
gshould be stored as; scans 1-17 are available. Entering a negative scan
number will cause the output to be thrown away. The program will then loop

back to its start.
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SAMPLE T/0:
WITH LOG LABELS: ' WITHOUT LOG LABELS :
SUM RAW DATA . | SUM RAW DATA
NEW EXTe TBLe? (Y OR N)1Y | NEW EXT. TBL+? CY OR N)3Y
CALIB. NO.135 ; CALIBs NOe:35
% DEC:28.43
SCAN #85 | SCAN # SLIT DVELL Hef.
14 |
:5 £ sL L t2.11
w___t—1 , i t5 tR L 12.09
" STORE AS SCAN NOe:10 aoo_t-1 _
_ STORE AS SCAN NO.:1@
NEW EXTe TBL.? €Y OR NJ:N | ,
NEW EXTs TBLe? ¢Y OR NY:N
SCAN #S DEC 1030
:6 | SCAN # SLIT DVWELL H.A.
17 ;
14 16 :L 2 t1.43
s~1 : 17 tR 14 $11.39
*"“STORE AS SCAN NOe31l i :8 sl 2 11434
; % =1

NEW EXTe TBLe? (Y OR N):=2 TSTORE AS SCAN NO.31t

NEW EXT. TBL.? €Y OR N):-2

*
program reads in data, does the reduction.

3. Combine Slits

This program is meant for data taken in the "stellar mode" (see Section II.1).
It first divides the data by a continuum source (if desired), and then adds
together the left and right slit data and saves it on tape,
INPUT: 4096 channel scans, normally from SDRS/Scratch Tape on Unit 8.
OUTPUT: 2048 channel scans, normally onto the Reduced Data Tape on Unit 7
(set to "WRITE ENABLE").
OPERATION: The CRT will ask for the program star scan number (enter -1 to
return to calling program) and tape unit, and then "DIVIDE BY SCAN # (OR 'NONE',

OR 'SAME'):". A response of "NONE" will cause the two slits to be added




22

together without normalization. 1If a scan number is entered, the CRT will
also ask which tape unit, "SAME" can be used when looping back through the
program and dividing by the same continuum source each time (but a scan
number must be specified the first time around).

The data are read in and combined, and the result is displayed on the
CRT in four offset segments, with the shortest wayelength segment at the
bottom. The teletype will then ask "SAVE AS SCAN #:'", "UNIT":. Entering a
negative scan number will cause the result to be thrown away. The program
always loops back to the start,
WARNING: This program is normally used just after SUM RAW DATA, where raw
data tapes are on Unit 7. Be sure to put a REDUCED DATA TAPE on Unit 7 before
using this program.
4. Line Zapper

This program will remove the effects of any absorption lines in the
continuum source used for normalization. A scan is constructed such that when
it is divided into a scan from the Reduced Data Tape, the absorption line
profiles will be removed, but all other parts of the spectrum will remain un-
changed. This dummy scan bas most of its channels equal to 1, but has an
upside-down absorption line profile where there are lines to be removed.

INPUT, OUTPUT: 2048 channel scans, normally from the Reduced Data Tape on

Unit 7.

OPERATION: To construct the dummy scan, read in a scan of the standard star
divided by the quartz lamp. The spectrum will be displayed, and lines can be
marked with the joystick, As each line is marked, it will be displayed on a

larger scale and you will be asked to mark four continuum points.
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The continuum in the ranges A-B and C-D will be extrapolated’ across B-C, and
the line profile will be found in the range E—C.' The points may be marked
in any order. When no more lines remain to befmarked; press button (3,11)
without moving the joystick ta proceed to the negt step.

Once the dummy scan has been built up; the program will ask for program
star scan numbers; read In the scan; remove the lines, display the result,
and allow you to save the résult on tape. It will then loop back and ask for
the,neit program star. This loop will coﬁtinﬁe,until the program is asked to
read in a negative scan number, at which time control is returned to the
calling program. A bad result can be thrown away by trying to save it as a
negative scan number.

5. Scrunch, Batch Scrunch

These programs transform scans onto a linear wavelength scale, using the
coefficients saved on the SDRS tape by the LAMBDA CALIB. program. SCRUNCH
will transform onme scan at a time and allow you to save the output anywhere
on tape. BATCH SCRUNCH will automatically trénsform many scans, writing the
output scan back on top of the input scan.

The output of SCRUNCH can be on any desired wavelength scale, but the

following are recommended:

Grating Dispersion ( & /mi) Wavelength Scale ( % /channel)
0-68 .625
68-135 1.25
135-270 2.50

There is a net squeeze 80 that channels toward the end of the scan are set to
zera, except that channels 2045 through 2047 contain respectively the scale

factor eiponent, 100#(1 of last channel), and 100%(} of blue edge of first
channel). SCRUNCH requires about ten minutes per scan.

“INPUT, OUTPUT: 2048 channel scans, from either tape unit for SCRUNCH, from tape
Unit 7 for BATCH SCRUNCH.
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OPERATION: I/0 is mostly self-explanatory. The spectrum is displayed in

four segments at different offsets, with the lower wavelengths near the bottom.
The program will ask (on either CRT or the teletype) "NEW LAMBDA TBL.?". The
Lambda Table (see Section IT.4) must be loaded before using SCRUNCH, but once
it is in, it doesn't need to be reloaded except when you start to scrunch

data taken at a new grating setting. If you type "Y" (yes), indicating you
want to load a new table, the program will ask "SLIT <L,R,B>:", meaning is the
table to use the left slit calibration, the right slit calibration, or the
average of the two. The program will also ask for the calibration number.

6. Plot

INPUT: 2048 channel scans from either tape drive,

OUTPUT: plots on the CRT or CALCOMP, on linear or semi-log scales.

OPERATION: The program asks for:

"SCAN:" -~- enter scan number, or -1 to return to calling program.

"UNIT:" --- tape unit 7 or 8.

"SCALE:" -~- This sets the y scale. The data will be divided by the scale
before plotting. Full scale deflection is 1024. The scale may be any positive
number. If @ is entered, the scale will automatically be set so that the
largest value is 500. If the plot is to be sent to the CRT or is to be plotted
on an x scale of .5 points per channel on the Calcomp, the scale will be mul-
tiplied by 1.25.

LOG SCALE: if switch (2,1) is in the up position, the data will be converted
to 10000%* loglo.

"OFFSET:" —-- the spectrum will be moved up or down by this many units after
scaling. The offset must be in the range -8,000,000 to +1024.

"CRT (Y OR N):" —-- if "Y", the plot will come out on the CRT. If "N", the

plot is on the Calcomp after you answer the following questions.
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"POINTS PER CHAN:'" -—— This sets the x scale on the Calcomp,.

.3 = each point plotted is the sum of two channels.
1 = plot each channel as one point.
2 = plot each channel as two adjacent points,
etc
"DOTS? (¥ OR N):" ——— plot dots or leave the pen down.

"NEW PAGE?:" -—— "Y' = advance the Calcomp one page before plotting.
i

SAMPLE TELETYPE I/0:

PLQOT ‘ ‘

SCAN:3 UNIT:7 SCALE:Q = 14«21 OFFSET:100 CRT? (Y OR N)YsY
SCAN:3 UNIT:7 SCALE:2¢ OFFSET:180 CRT? (Y OR N):N

POINTS PER CHAN:.5 DOTS? (Y OR N)Y:N NEW PAGE?:N

SCAN:$3 UNIT!7 SCALE:1090 _

LOG SCALE (SWe 2.1 OFFSET:«3030@ CRT? (Y OR N):N
POINTS RER CHAN:! DOTS? (Y OR N)Y:tN NEW PAGE?:N

SCAN:~1

BATCH PLOT; Up to a whole tape can be automatically dumped out on the Calcomp
using this routine. Input parameters are the same as for plot, except the
scale is always set automatically.

7. HNoise Filter

This program smooths the spectrum by convolving it with either a Gaussian
function of specified width or a low-pass filtering function. The program
asks for "SCAN:" and "UNIT:" (tape unit), then for "<G>AUSS or <F>QURIER:"
(enter "G" or "F", fourier refers to the low-pass filter). If a Gaussian is
selected, the program asks "WIDTH:", meaning full-width, at half makimum of
the Gaussian function desired (in chanmnels, not Angstroms!).

The results are displayed, after which the output may be stored on tape
(scan # = -1 to bypass this step) or plotted on the Calcomp. (see "PLOT"

write~up for informatiom about Calcomp plotting parameters).




GAUSSIAN, WIDTH = 20

SAMPLE OUTPUT OF NOISE FILTER

Figure 5

LOW PASS FILTER
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NOT SMOOTHED

e




SAMPLE I1/0:
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NGISE FILTER

SCAN:Z29 UNIT:7 -

g(AUSS)Y OR F(OURIER)?:G WIDTH:20

SAVE AS SCAN:~1

CALCOMP? (Y OR N):Y SCALE:f = 82.91 OFFSET:300
POINTS PER CHAN:«5 DOTS? (Y OR NY:N NEW PAGE?:N
CALCOMP? (Y OR NI:N

8, Utility Programs

This i1s a catch-all for little goodies that didn't fit in anywhere else,

INPUT, OUTPUT:

2048 ch. scans, tape Unit 7 or 8. Data are read in from tape

and stored on disk in a "buffer' area, where it can be operated upon according

to which option is selected. The buffer is automatically cleared when the

program is first called, but it is neot cleared at any other time unless option

"C" 1s speeified,

OPTIONS:
Code
C

A

sD

Function
clear the buffer.
get a scan from tape and add it to the buffer contents.

(minus) get a scan from tape and subtract it from the buffer
contents.

get a scan from tape and divide it into the buffer contents.

fix up bad points. Displays the scan record by record. Picking
off a point with the crosshairs + switch 3,11 causes the point to
be set equal to its neighbor. Pressing 3,11 without moving the
joystick causes the next section of the scan to be displayed.
Press both 3,11 and 3,12 to fix up lots of points in a row -- CRT
asks "L, M OR R?"

L,R = get all points to left or right of cursor to 0.

M = mark a second position, set all points between the two positions
equal to the point next to the first position.

save buffer contents on tape.
plot on CRT.
quit; return to calling program.

shift data; move the scan to right or left by any number of channels
{(to the nearest thousandth).
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SAMPLE 1/0:

UTILITY PROGRAMS

OPTION:A SCAN #:2 UNIT:8
(PTION:D SCAN #:4 UNIT:8
OPTION:S SCAN #:15 UNIT:7
OTION:C

(PTION:A SCAN #2214 UNIT:7
PTION:SD ENTER X:~3+125
OPTION:2 SCAN #:5 UNIT:7
PTION:S SCAN #t4 UNIT:7Y
OPTIONIA

9. Tog Ligt Raw Data

While taking data at the telescope, the observer has the option of
storing "LOG I.D." information on the raw data tapes. This information in-
cludes object name, R.A., dec., hour angle, P.S.T., dwell time, slit, grating
setting, and comments. This program will dump that data out in tabular form,
for as many as 20 tapes.

INPUT: 4096 channel scans from raw data tapes on Unit 7.

OPERATION: The program first reads in the log information from all data tapes,
and then dumps it out by teletype (a slow, noisy process). The program will
ask for tape number and date, and then it will read in whatever tape is on
Unit 7. It then loops back and asks you to enter the next tape number and
date. The loop continues until -1 is entered as the tape number; the log is
then typed out.

To speed up the tape reading, both tape drives may be used as Unit 7, but
with only one of them turned on to “REMOTE" at a time. The SDRS tape must be
back on Unit 8 before the log is typed out.

10, Log Edit Raw Data -

This program allows you to alter the log informatlon stored on the raw

data tapes.

Fos
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INPUT, QUTPUT: 4096 channel scans from a raw data tape on Unit 7 (set on

"WRITE ENABLE').
OPERATiON: The teletype will ask for "SCAN NO:", then read in the old log
information for the specified scan on Unit 7. You will then be asked to fill
in the log fields, To'gég_change a particular field, just press the "ALT MODE"
key and the existing entry will be saved.

After the new log data have been typed in, the teletype will ask "ALL
OK (Y OR N):"; if the answer is "Y" (yes) the altered log data will be stored
on tape, otherwise the tape will not be written on.

11, Reduced Data Log List/Edit

The following identifying information is stored on the Reduced Data Tape:
Object Name
Scale Factor Exponent
Standard Star Name

These fields may be listed or altered using this program.

INPUT, OUTPUT: 2048 channel scans on Unit 7.

OPERATION: You will be asked to specify "LIST" or "EDIT". If listing, you

will be asked for the first and last scan numbers (they can be the same) to be
listed. If editing, you will be asked which scan, and then you must re-enter

all of the information. The information is stored on the tape during the process
of normalizing the spectrum by a scan of a continuum source (in either COMBINE
SLITS or UTILITY PROGRAMS). The contents of the Object Name and Standard Star
Name fields come indirectly from the log information on the raw data tapes;

these fields will be blank if the raw data tapes were read using SUM RAW DATA

(N0 LABELS).
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Appendix A, Special Numbers Stored with Various Types of Scans

The data stored on Dectape by SDRS are logically divided into "records"
of 512 doubleword channels, but it is physically divided into "blocks" of
129 words. Each record requires 1024 words for data, but occupies 8 blocks
totalling 1032 words, so that there are 8 "spare" words per record. 2048
channel scans occupy four records for a total of 32 spare words; 4096 chapnel
scans occupy 8 records for a total of 64 spare words. These extra words are

used to store identifying information about the scan as follows:




Raw Data Tape (4096 channel, or 8 record, format)

BLOCK

23

3l

39

47

55

63

integer format (loaded onto disk with X PUT)

I=
P = packed ASCIT character format (loaded onto disk with X CODI)
WORD
121 122 123 124 125 126 127 128
DWELL
(D) (D | BR (T) | MIN (T) ) L ®
. CONTINUATION OF NAME RIGHT ASCENSION DECLINATION
| (B) DEG () MIN (I); SEC (1) DEG (I), 1O0*MIN
GRATING
\ P.S.T. SETTING B L A N K
HR (I)| MIN (1) (€8] | [ | L
\\k B L A N K
] } | | | | |
\ c o M M E N T 8 (®)
| | ] | | i i

CONTINUATION OF COMMENTS (P)

| ! 1 ! | s !
CONTINUATION OF COMMENTS (P)

| | | | | | |

\ CONTINUATION OF COMMENTS (®)
| l | 1 | | |

Note that the 129 words in a DECTAPE block are numbered 0-128, and

that the 64 blocks in a scan are numbered 0-63.




BLOCK
7

15

39

47

15

31

SDRS/Scratch Tape: (4096 channel, 8 record format)

floating point format (loaded onto disk with X STOR)

F =
P = packed ASCII character format (loaded onto disk with X CODI)
WORTD
121 122 123 124 125 126 127 128
TOTAL DWELL, RIGHT SLIT (¥) NAME
(®)
] | i | ]
k\ CONTINUATION OF NAME
L ® | | 1 |
NAME
TOTAL DWELLF LEFT SLIT (SAME AS BLOCK 7)
i ( h | l (P) |
CONTINUATION OF NAME
(SAME AS BLOCK 15)
L (P) | i ! | |

‘Note: other fields may contain leftover information from raw data tape.

Reduced Data Tape: (2048 channel, or 4-record, format)

I = Integer format (loaded onto disk with X PUT)
P = packed character format {loaded onto disk with X CODI)
121 122 123 124 125 126 127 128
SCALE [FLUX CAL FLAG
FACTOR FLAG (=4095) N A M E
9] (1) | (1) | (®) |
K:; CONTINUATION OF NAME
LB | 1 | |
NAME

\\k STANDARD STAR
| | (P))

Flux calibration flag:

0 otherwise.

1000 4if scan is on an Fv scale,




A=l

If a scan on the Reduced Data Tape has been through the SCRUNCH program,

the last three channels of the fourth record contain the following:

Channel 509: scale factor exponent
Channel 510: 100%(\ of last data channel)
Channel 511: 100%()\ of first data channel)
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Appendix B. Teletype I/0 for a Typical Data Reduction in the Stellar Mode.

(all user responses are underlined)

e

scAN 11

AVE CT 59.96
SCAN 14

AVE CT 166491

SAVE ON TAFE

<R> CALIB #= 45
COEFFICIENTS ARE:
5167274

1416556

3563580

=13549a7

TYPE RESIDC(Y/N)?7:N

scaN 11
AUE CT 61 .27
SCAN 15
AVE CT 187 « 98
SAVE ON TAPE

<L.> CALIB #= 45
COEFFICIENTS ARES
5164698

1417352

3594561
~13733086

TYPE RESIDC(Y/N)?:N

SUM RAW DATA

NEW EXTe TBLe? (Y OR NY:Y

CALIB. NO.:&&

DEC:43.14

SCAN #  SLIT DWELL HeAe.
LY B 22 :3,- t2.21%
13 R 12 12,19
i - « - o =

a~=1
BAD CODE FOR SLIT TYPE, SCAN 12.
STORE AS SCAN NO.:1

TRY AGAIN:L

LAMBDA
CALIBRATION

SUM

RAW

[T DATA

(NO LABELS)




NEW EXT. TBL.? (Y OR N3N
DEC:@
SCAN # SLIT DWELL HeA.

194 s CHANGE TAPE.
] - -

:g_ sg :_1_

ook |

STORE AS SCAN NO.:4

NEW EXTe. TBL.? (Y OR NY:=2

COMBINE CHANNELS |

SCAN 1 DIVIDED BY SCAN 3
SAVE AS SCAN:@ UNIT:7

scAN 2 DIVIDED BY SCAN 3
SAVE AS SCANsl UNIT3Z

SCAN 3 DIVIDED BY SCAN 4
SAVE AS SCAN:Z2 UNIT:Z

LINE ZAPPER _
STANDARD STAR SCAN #:2
PROGRAM STAR SCAN #

T37
g :
SAVE AS SCANsg UNIT:Z

)

UNI
UNIT
PROGRAM STAR SCAN #8
SAVE AS SCAN:l UNIT:J

PROGRAM STAR SCAN #::l
SCRUNCH

UNIT:

SCAN # C(UNIT 7))
=1 TO END)

¢
0
1

-

*

LAMBDA SCALE (ANG/CHAN):1.25

NEW LAMBDA TABLE? <Y/N>=2.SLIT’ <LsRsB>:B

CALIRB. NO. 148
pam—

SCAN %
SCRUNCH
LAMBDA OF IST CHAN »

1)

ScaN 1
SCRUNCH
LAMBDA OF 1ST CHAN.

THEN HIT RETURN:

‘-\'[ o'

=
L

4149.97

41 49,9706

SUM
RAW

T DATA

(NO LABELS)

| COMBINE

CHANNELS

LINE

— ZAPPER

BATCH

[ sCRUNCH
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Appendix C. SDRS Tape and Disk Utilization.

1. Focal System: SCN72-Q (LICK FOCAL by Lloyd Robinson).
2. Overlays: (called by X NAME {n))

7 Contents
X FILT, X DTIM, X TINC, X DMUT,
X LOGB, X SHOV
X POLY,VX‘FLIP B 7
EDIR (tape editing routines, includes X TWRT, X TRED) .
TPTT (?om's Trpstworthy Transfer Trips for packed characters).
X TYCO, X DIco, X MPUT

- N L

3, Blocks 90, 91: TFourier coefficients for NOISE FILTER.

4, TYocal Programs:

Program f# & Contents

0 Reserved for more overlays.

1 Calling program (X CALL (1,1)), label writing (X CALL (1,30)).
2 LAMBDA CALIBRATION

3 " 1

4 " n

5 " n

6 " 1"

7 1 1"

8 " "

9 1 "
10 Subroutines to generate Lambda Table, Extinction Table.
11 SUM RAW DATA

12 oo
13 mooom o

14 COMBINE SLITS

15  SCRUNCH

16 11}

17  UTILITY PROGRAMS
18 1 1]

19  NOISE FILTER




Program #

20
21
22
23
24
25
26
27
28
29
30
31
32
33

c-2

Contents

PLOT

1]
UTILITY PROGRAMS
LINE ZAPPER

" n

(empty) . o |
No program. Wavelength calibration storage (right slit).
No program. Wavelength calibration storage (left slit).
No program. Wavelength table for LAMBDA CALIERATION.
LAMﬁDA CALIBRATION
REDUCED DATA 1LOG LIST/EDIT
RAW DATA LOG EDIT
RAW DATA 1OG LIST

5. LAMBDA CALIBRATION Program Disk Utilizatiom:

Disk Record

10-13
14,15
26,27

Conteénts

List of channel numbers of peaks,

Input data; MNeon scan.

Peak chammel # vs. A , running account.

Clear record.

Linear fit residuals.

Cubic fit curve.

Peak chan. # vs. A , final fit + A-calibration coefficient.
Input dataj; Sky.

Neon scans after X FORM.

Sky scans after X FORM.




Appendix D. Program Listings

#X WHAT(5)?

i1

FILTs TINC,DMUL,DTIM(PPULY
21

SHOV, LOGRBOk1BRAG) P
33
POLY, PLIP P

43

wTap  JUNE /78,

52

TTTT DEC 72

68

TTTP DEC 72%

*V
C:LICK FDCAL SCN72-0  Hiee

@1 -(d]. C"DECOQ/?Q-

BG2.10 X CALLC1,1)
*




Eaf

X CALLC1)

C:LICK FOCAL SCNT72-Q

Als103
A1.20

A2.19
B2.15
B« 28
(2.25
B30
DE. 40
B2.58

23410
A3.11
@3.12
@3+13
B3.14
f3.15
D316
BA3«17
B3.18

B4.10
Gidall
B4.12
B4.13
fdel 4y
B4.15
.16
Bael7
Gital8

P5.10

3@3.10
30 .20
3@.30
*

R

LR R ol Jie g g LY e B2 BT

L e i e i L e

s

SWIT(~-1>
Jd=1,5835 A=4

MOFY

STAT(333,800,2)
' SCANNER DATA“{YREDUCTION SYSTEM"
ETATC188,600,1)

"SELECT DESIRED SUBROUTINE,

D=FSWIT(3+8)

F (b2.4,2.438

CALLC(2,131)3
CALLC11511)3
CALLCL4,138)3
CalLL(23+138);
CALLC15,133);
CALLC(20,138);
Sel
D=FSWITC1,473
GOC4,D+18)

CALL{115138);
CALL(19,5138);
CALLCLI757)3

CALL (201833
CALLC15+6);

CALL (33,103
CALL{31,133);
CALL(3@,18);

STATC(-135T

-----

iW 3

PIYEELLEY W 4

rreny

THEN PRESS START"™
D=FSWITC(1,123K GD(3,D+14)

C-LAMBDA CALIB.

C~-5UM RAW DATA WITH LOG
C-COMBINE SLITS

C-LINE ZAPPER

C-5CRUNCH

C-PLOT

C-READ LOWER SWITCH

C-5UM RAW DATA (NO LO®

C-NDISE FILTER

C=-UTILITY PROGRAMS

C-BATCH PLOT

C~BATCH SCRUNCH

C-LOG LIST RAW DATA

C-L0OG EDIT RAVW DATA

C-REDUCED DATA LOG
LIST/EDIT

'"PROGRAM NOT AVAILABLE"™G 1.1




% CALL2)
*
C:LICK FOCAL SCN72-0 0ZJ6

#Bl.01
7A1.43
Gl .84

X CALLCLI, 1)
X
E
Fl.05 X STAT(206, 750,233 F J=0,5@835 K=0
T
A

SWITC-1)

Pl1.06 “YAVELENGTH CALIBRATION':S RB=1613;¥ STAT(200,580,1.5)
@118 1 PNEON COMPARISON SCAN NO(~1 IF NONEX"R;I (R)1.955 AB=@3;5 RN=R

Ft.15 5 RI=@35 SK=0

Ble28 F K=f,33X MEGET(R*¥8+KHs1,70iX SAVC(K+1+9% 5K, 1)

#l1e25 ¥ SWIT(~133D 2

B1le30 X STAT(99,8@3,1)34 "TYPE -1 IF SKY LINES ARE NEEDED"SY
Als328 1 (5Y)3.1

@135 X SWITC(=-1)3% STAT(150,93M,1+5)3F J=@,5335 K=

B1+37 T "WHEN MARKER APPEARS. PLEASE IDENTIFY 5 LINES=---"
Gledd T 12 NEAR EITHER SIDE OF SCREEN: 3 INSIDE HASH MARKS."
1«50 T $"HEEP HORIZONTAL MARK IN APPROPRIATE PART OF SCREEN."
Hle60 A VITPRESS 'ALT MODE' TO CONTINUE"G

Bl.62 X SWITC(-1)35 SK=@:;D 5

Blab63 T (BY21e66517

Al.66 5 SK=13D 5

Bl.70 ¥ CLER(PIIX SAUV(SEIIX SAV(BIX CRT(1,0-03,7,8,512)

#1775 X STATC300,563,+5)3T "173X STATCTAD 5GB@E, «5¥3T "1

1.6 ¥ CALL(3,132)

B1.90 X CALL(9,2)

Fo.1G F J=@,t513D 8

B2.20 D 5

B3.19 T 1"SCAN WITH SKY LINES IN"™:A 19 <R> SLIT"R3S HS=Rib5 SK=1
A3.15 A 1*<L> SLIT"RT:D 1.2

A3.80 D 2.1

3«37 G L+35

A5.18 5 D=FPEAK(@)<14+SK*18>*1@@:1@23)/&853K PULLCI44+5K%12,1)
ph.12 X PULLCIS+SK*12)31 (£2~D)5.338 D=2

35.30 X CRT(D»10824,03,1,8,5K%542)

AR 10 ¥ PULLCJ*2+SK*9+1,1)3X PULL (J#k2+SKE%9+2)

AR, 00 ¥ FORM(1I3X FORM(EY X SAVCIHIA+8K*12, 1)

#*




X CALL(3)
*Y
C:LICK FOCAL SCN72-Q 0JMZ

@1.01 ¥ CALLCL:1)

PlePd4 X STATC(-1)35 Q=0

Bl.05 & K=13T ¥11Z3"5CAN"RN}S RB=10130G 1.2

Mt.1@ T V1Z3Y8CAN'RS

B1le20 5 CN=0@;F J=1,20,200@;5 CN=CN+FCHANCJ,ERB)

@le33 5 CN=CN/1A@3S CA=035 WN=G:F J=1,20,2000:D 5
Bledt & CT=CH%<]«2-Q>/N3T 127.802"AVE CT"CT3T

Be.0l S WL=184

B33 1 (OAAA~WILI2WB8231 (FOHAN<UWL-REB>=CT)2.8652.15241
GR«06 S WL=WL+5:G 2.83

A2.1@3 S5 Y=FCHANC(WL,RABY}S WL=WL+13}S YiI=FCHAN(WL,RB)
B2e14 1 (Y=Y1)2415S XP=UL~135 XT=XP

A2.15% § Y2=FCHANC(XP,RB);S Y3=FPRAK(XP,RB,XP+13)

A2e16 1 (Y3=YR2I)2.2,248255 WL=XP

M2.18 D 2.1

B2.19 1 (Y1=Y3)24138 XP=UL3I (KP-XT-432.15

220 5 YT=FOHANCXP.,RBYS YF=(YT+CT)/551 (CT-YF)2.2152.81:;5 YF=CT
F2e21 8§ YA=(FCHAN<XP~]s:REB>+FCHAN<XP,RB>+FCHAN<XP+1,RB>)/3
B2«24 5 S=P3S 51=038 HD=A3F J=XP~18,XP+185D 3

B2.25 I (XD-T2244535 PK=S/51351 (2.5-FABS<PK~«XP>)R2.45
A2+36 b 4

A2 45 5 WL=XP+1135 WI=WL3:5 Z=0

B256 D 21l

(2¢51 I (Y1-0TI2WE3T] (Yi-Y)Re6:S Z=A+131 (Z-432.65C 2.03
B2.68 G 245 )

A2«B9 I (~5KIE4952+496

B2.90 I (RIL.963S A=-135 RB=14A135 KS=K!(G l.l

FP.96 S KC=K31 (LJY2.973X CALLC(6s7)

Ar.97 K ENDCS)

B3.10 S A=FCHANCJsRBI~YF3;I (A)3.3:3.4358 5=5+J%A

B3.20 5 S51=51+435 ¥XD=XD+1:R

B30 I (J=XP)3+423.435 J=XP+113R

Bl.4f 5 5=035 S1=43S Xbh=0

B4.18 S XC(KI=PK*18035 K=K+l

@5.13 1 (FCHANCJ,RB)-2%CN2X5.25R
75.208 S CO=CO+FCHAN(JsRRB)SS N=N+1
%




X CALLC(4)

Y

C:LICK FOCAL SCN72-Q O<J¥

Al.01
Al.18
f1.15
Al 25
@l .30
ALean
p1.54
B1+455
BleS7
Gil « 58
31« 60
Gle70

N82.10
B 20
fg.30
B2« 48
B2.58

33.19
B3+ 20
B339

5«14

A6eB5
A6 15
fH6Ea15
D620
B6e30
A6 35
A6« 4
A6Ge50
G660

G710
@7 20

A7 .40
she

Dot b M MU XU MON

U ka0

ol T

w

LA e e R

oo

CALLCL,1)

PULLC(5Y3S KC=FCHAN(511)3¥X CLER(A)X CLERCL)D
XX=035 X=B35 XY=035 ¥=035 N=0

PULLCSYF J=0.2,51A3D 2

DeN#XX-X12358 Z0=(Y*XK-X¥XY)I /D35 Z1=(N*XY~Y*X) /D
CLER(1YSF J=0,2,5183D 3

SAV(Ts133X CLER(®)I3X SWIT(-1)3X CRTC(1,3,9,3,8,512)
Ju=0,2,KC-1iD 5

STATC10A, 938G, 1038 "OK? -<Y>ES OR <N>0"0K
(OK-8Y)1a7

STAT(-133X CALL(S,7)

1"<R>EPEAT 1.De OR <B>AIL OQUT?"BAIG 6405

CH=FCHANCJI /18831 (~CH)2.235 J=511JR

(R -CHIZ2.3,2.33R

(CH=-14680)2+ 458431

N=N+135 X=X+CH3S XX=XX+CH12i5 AM=FCHAN (J+1)/108
Y=Y+AMSS XY=XY+CH*AM

CH=FCHANCJ) /10331 (~CHY3+835 J=5113R
V=FCHANCJ+1)/10a835 RE=(Z0+%41%CH-VI*R2.5+512
EDITC(Js1,CH*x1B3Y3X EDITC(J+151,RE)

U=FCHANC(J» 13 /2003 S V=FCHANCJ+1,1)3X STAT(U>V-233T "

PULLC(H)IIX SAV(S)31 (BA-OR)E.13G 6.35
SWITC-1)3X STAT(200,840,2)3F J=0,5035 K=0
"BAIL OUT™!!,"MARK ALL USABLE LINES"
IYTYPE 'G' TQ GO"G;X SWIT(-1)3

PULLCA)Y ;X EDITC499,851)3X SAV(S)
SWITC=1)35 Q=FCHAN(589)35 SK=03D 7

(Q) 6526535 SK=13D 7

CLERCOYSX CRT(1,0,2,0,8,512)

CALL{6:2)

DeFPEAK(@,<14+SKk12>% 108, 1023) /4885 X PULLCLA+SK*1251)
PULLCIS+S5K%12)31 (2-007«435 D=2
CRT(D, 1 024,051,585 5Kk548)




¥ CALL(5>

Y

C:LICK FOCAL S5CN72~@ O/RL

D1+91

DT
AlBE
@703
DT« dt
@705
ATeB6
A7« DT
7«39
A7418
B7ell
B7«13
714
B7s15
A7« 20

BB.01
B8 .20
(A8« 30

@9.91
A% .32
#9033
39« B4
@G35
#9906
#A9.07

12163
*

X CALLCL-12

S X1=0335 X28=035 X3=@35 X4=035 X5=0;5 X6=035 Y@=03;S Y1=0635 Y2=8
S ¥Y3=@35 N=8

X PULLC7Y3F J=@,28,KC35 X=FCHANC(J)/10@3S Y=FCHANC(J+1)-518;D 8
Do ©

S CCLI=Z20%1000-80xB(1)35 C(2)=Z1%B.E6-B(2)%].6%1.E6

S C(3)=-R(3M%6.4%1+E335 CC(A)=-B(4I*B.ELR

X STATC(=1)3¥ PULL(S);1 (-FCHAN<499>)7.1

X CALLCT,7)

X CLER(®)Y3X SAV(EYIX PUTN(H4,3,2,512,4)

F J=1,43X STORC72,4%J+3803B<J>%2)

X NAME(3)3¥ PULL(8Y3X POLY(T72,304,3,953,0)

X SWITC(=1)3F J=1,455 DCJI=CCI

X ORTCLsPs0sM5,5,512)3X PULL(TI3F J=0,2,KC-13D 19

¥ CALL(8,130)

S ¥y=Y/2831F (~X)8.235 J=KC+1iR

S KG=X%X3S XC=XS5%X3$ XF=XC¥X};5 XV=XF¥X}5 X1=X1+X35 X2=X2+X5
S Y3=RB4AC3S KA=XKA4+KF3 S XS5=XB5+XV3 S X6=X6+XKUxXi5 YA=Y@+Y

S Y1=Y1+Y%X3S Y2=Y2+Y*XS3S Y3=Y3+Y*XC3S N=N+1

§ Al=X2-X1%X1/N3S A2=(X3~-X2kK1/N)/Al}5 A3=(X4-X3*%X1/N) /Al
S A4=CALKX1-X2Y/N3S Cl=(Y1-X1%YH/NI/ALSS A5=C(A3¥K1-K3)/N
§ CR=(=Cl*¥X1+YB)I/N35 A6=A4¥X2-A84K3+X4

4 AT==(ABRK2-A3XKI+X5)/A65S AB=(Y2-C2¥XR-C1*X3)/A6

5 AS=-ATHAR-A33S DI=-A8%A2+C135 Da=AT*A4+A53 5 D3=AB%A4+CE
5 B(ﬂ)=(Y8*D3*X3—D1*XA-AS*KS)/(DB*X3+A9*X4+A7*X5+X6)

S B3=R(4)35 B(3)=B3*AT+AB}S B(RY=B3%A9+D1 35 B(1)>=B3%D2+D3
§ U=FCHANCJ)/2833S5 V=FCHANCJ+1):X STAT(UsV-8)3T "e"




X CALL(6G)

*U

C:LICK FOCAL SCN72-0 0&JR

@l./1 X CALLCl.1D

PBR.04 B

B2.85 X CLERC(1)

2«18 X PULL(5)3S SK=FCHAN(S509)3S KC=FCHAN(511)38 KS=KC
A2.15 § BA=FCHANC(499)31 (=5K)2+.2,243,2843

B2.260 S KS=FCHAN(SBE)

PR.30 5 Us518235 U=5@0:5 1=0

A2 48 S5 D=FSWIT(3,11s0,0238 MLI=FITR(D/1H24)35 01l=D-1024%M1
FRedl I (MI-Ud2+528+8525

F2e50 S ME=MI*231 (SKI24752.731 (01-51228.752.7,2¢0

A2.60 § P=135F J=KS,2,KC-15D 3

@265 S U=ML33 U=BG03:0 2.4

A2.70 5 P=P3F J=00,2,K5-13D 3

f2.72 G 2+65

B2.80 F J=499,5133S5 K=FCHANC(J)Y;X EDIT(Js1,K)

P2,85 X EDIT(511,1,133%X S5AV(9,133X 5AV(5,123X CALLC4,138)
P31 8 XC=FCHANC(JIY; I (FABS<MR2-XC/140>-833.2,3.2}R

B3+20 X STAT(AC/200s5+542%P,.5)3T V'3l (-BAY3+3,3+45344
@330 ¥ STATC=1)3T 1Z7"PK="EC," "3G 3.45

@3.40 X STAT(25+180%1,512,1)

B3.45 A "LA="LAIT (-LAY3.5;R

B350 X EDITCIL1,XCI¥3X EDITCI+1,1,LAX1@0)35 I=1+235 J=5113R
Bh.13 X CLER(Z);X CLERC1IFF J=2,2,KC%2-1;X BDIT(J-2,8,XC<Jd/2>)
Ble 20 § KC=KC#2-231 (SKIA4.3,54.335 KS=KS#2-25X EDIT(5089,@,5K)
B4.25 X EDIT(5A8,0,KS);X EDIT(531,0,R5)3X EDIT(582,83,RT)
B4+e33 X EDIT(S511,3,KC)5¥ EDIT(513,83,RIM3X EDIT(500,8,RN)
Ba4.40 X EDITC499,8,ABY;X EDIT(585,8,AB)3X SAV(S)IX SAVE)
P71 D 4

D715 I (~ARI2.0B431 (-RI)7.23G 2.94

@7.20 E

BTe30 X PULLC9,133F J=280,203;5 C(J~2B6)=FCHAN(J, 1)

B7.40 X PULL(D)IFF J=2@8,2035;% EDIT(J:B,C<J=-200>)

AT+50 X 5AV(A; X CALL(7.133)

*




¥ CALLC7)
*Y
C:LICK FOCAL SCN72-0 OOMB

Fl.81 X CALLC1,1)

#4l.a7 K

Fl.88 ¥ PULL(ZY3¥X MGET(2,1)35 A=FCHAN(26B8):S B=FCHANC201)
Mlel@ & C=FCHAN(202)35 D=FCHANC(283)

BFls11 5 KC=FCHANC(S11)35S SK=FCHAN(S#9)38 Z=231 (=SHK)1.12:3G 1.14
Blsa12 S KS=FCHAN(S5@8);0G 1«15

@#l.14 5 KS5=KC

B1.15 S AQ=sA/IB+5E355 AL=A/1D+2.01%1 B8 F Jd=0B,553D 2
@lele P J=51,5650 5

Alel8 S HA=H38 ST=51

Dle200 F K=KQs2,HS5=135 L=FCHANC(K)/186G5D 3

41.83 S KR=KA+231 (KS5-K221.2531 (52~5T)1«253G 1.2

M1.25 1T (KS5-KC)Yl+3,5104:143

M .36 F J=100,1093D &

@1«31 F J=51,1103D 5

B1.33 5 KQ=KS35 5T=51

@1+35 F K=KQ,2,KC-135 L=FCHAN(KY/1@3A3D 3

Bl1e37 5 HA=KA+231 (KC~KQX1. 451 (S2-5TX1.430G 135

fledid F J=0,1253X EDIT(J.B,0)

Fled5 F J=@,2,Z2-13% EDRITC(JGXC<J+R2>33% EDIT(J+1,0,LA<J+3>)
Dle5@ # EDIT(S511:0,2-233X EDITC4995,0512)3K SAV(5)3X 5AG(9)
Br.78 kB

Al1.80 X CALL(4,138)>

B2.10 I (FOHAN<J, 1>~AR)2.2,2.2353 81=438 J=511

PE.826 R

A3.18 D 6.1

BA3.20 S P=@iF L=ST»585D 4

@330 I (~P)3.435 KA=K3S K=35113R

A3+48 & 5T=5A4+135 K=511:R

BhHel@ I (FABS<FCHAN(S»1)-W>~1080)4.25R

Bh.20 § XCCZIY=PFLHANCK)SS LA(Z+1)=FCHAN(S,1)

Bh.30 S KA=KIS Z=Z+835 BA=S35 P=135 5=280

P5.18 I (FCHAN<J,1>=AL)S5.2,5.2;85 H2=J-135 J=511
A5.200 R

BHelP 5 W=Akel4B D E~5%L+CH]1 + 25% ] « E~B%L*L+D*1 s E-11%(L 133
@710 X PULLCRIIF Jd=1,43¥ EDIT(J+199,06,C(J1)

@780 X SAVCHEIZG 1427
*




X CALL(SB)
*W
C:LICK FoCaL SCN72-Q 0-6S

Ble@t
gl .02
A1 .33
Al a4
Ble@s
Bletg
B1.15
gl .20

¥ CALLC(1,1)>

A STATC106,900,133n "FIFTH ORDER FIT?~<Y>ES OR <N>@'"TH; S IN=3
I (TH-@Y)1.84:% CALL(29,2)
X STATC-1)3% PULL(S5)38 RI=FCHAN(S10)
T Y1YSAVE on TAPE"™; X MGET(@)35 CZ=FCHAN (@)
I (85-CZy1.8

I (-RI>t.s558 CZ=CZ+15T Ir<ps>n
X EDIT(O,B,CZ);T %3'" CALIB #="gz
Bl.30 S C=gxCziF J=l,63¥ EDIT(C-6+J;@:C(J))
Blead T '“COEFFICIENTS ARE:"™; F J=C=5,C+IN~5;57T 'Z7, FCHANC D)
Ole45 ¥ MSAV(BYSG 1.7

@150 X MGETCLIST 1rvepse

21454 D 1.2

@1+58 D 1.3

D160 D 1.4

Ble65 X MSAVCL)

01«73 A tvTypE RESIDC(Y/N)?"RD; I (RD*@Y)S-T;S-I:S-T

@l«88 T tvpyLL, REINITIALIZEDI"; g CZ=13G 1.1

83.18 T v1vcaLc V5 MEAS RESID™;x PULL(5,1)35 C(1)=FCHAN(6*CZ-5)
B3+415 P J=2,638 C(J)=FCHAN(6*CZ*6+J)

B3.20 F I=0,2,KC-1358 JﬁFCHAN(I:l)/l@@3S BW=FCHAN(I+!;I)/1@93D 6
A6.10 5 @1=C(1)*n1+C(2)*J*S-E~5+C(3)*l-25*1-E-8*J*J+C(4)*(Jf3)*l-E~I1
f6e15 § w=C(S)*(J14)*1-E~14+CC6)*(JTS)*1-E*17+w1

G6e20 T PR7+027CH"g, v W="%/ 100, RW="RY

U6.30 5 RS=RW~W/18a3T 27" RS="HSx 160

B718 X PULLC9); 1 (-FCHAN<505>) 7.583 & J=1,43% EDIT(199+J;®;DCJ))
BT7+28 X SAVCY)

A7.30 E

BTeatr X PULL (5335 R=FCHAN(566G); 5 SKE=035 RI=13S5 BN=R

@758 F K=fis335% MGET(H*8+K+4,1,7)}X SAV(K+1+9% 85K, 1)

BTe60 1 CFCHAN<5@9>)7-7:7.755 R=FCHAN(B8@2) ;5 SK=13S RS=R;D Te5
B7¢70 ¥ CALL(3,132)

7«80 E

87«81 X CALL(9,9)

&



D-10

A CALL(9)

* U

C:LICK FOCAL SCN72~Q 08REQ

@ledl X CALLCLI,1)

@218 X SWITC=1)5X STATC(200,680,15)3F J=0,5038 K=0
@2¢15 T "COMPLETE BATL OUT ROUTINE®"

B2.16 A 11"1ST COMPARISON SCAN IN <R> SLIT"RN;S R=RN
B2+.17 A !"2ND COMPARISON SCAN"RS:S SK=035 RI=0

D280 F K=0,33X MGET(R*¥8+K,1,7)3X SAV(K+1+9%S5K,1)
D225 F J=8,1,13D 8§

B2e26 X SWIT(=1)31 (~RIJ242831 (RS~RN)2.2752.3,2.27
@227 5 BK=135 R=RSID 2.2

f2.28 D 2.25
B2.38 D 5

B2e31 T (SK)2e4,2.435 SK=83D 5
9235 5 5X=1
AG.4d X CLER(8)3X SAV(S)iX SAV(6I3X CRT(1,0,0,0,8,512)
B2.58 5 AB=13X CALL(3,132)
P5.1@ 5 D=FPEAK(@,<14+5K*1 8>k 100, 1023) /4803 K PULL(LA+SKH12,1)
B5.20 X PULLCLS+SK#£12)31 (2-D)5.335 D=2

G538 X CRT(D>102458,1,8,5K*%542)

Gee@5 X CLER(GIIX SAVIBIIX PUTNC(G4,D,2,51254)

D606 F J=@,53% STORCTR,4%J+300;BCJi%k2%<.@L1J>)

627 X NAME(3)3X PULL(8);X POLY(72,300,5)

36488 ¥ CRT(1,0,0,0,55518)

B6e1B X STAT(=1)3F J=00,535 H(I=T(I)-F1¥B(II* (. 011d)
620 S CC)=H41000B; S C(2)=H(1)*%2.E635 C(3)=H(2)%E.EQ
#6430 5 CC4I=H(3)*%1.E1335 C(BI=H(A)*1E1655 C(HI=H(BI*1.EL9
B6.400 ¥ CALL(8,132)

B8e10 X PULLC(J*2+85RK49+1,5133X PULL(J%E+5K*942)

8«20 X FORM(1)3X FORM(2)3X 5AV(J+14+5K%12,1)

B9.10 X SWIT(=1)3X STAT(R200,600,13F J=0,5035 K=0
B9.20 A "IST COMP SCANM IN <L> SLIT"RH3S5 RN=R3:S5 SK=0:3D 9.9
B9.33 A !"2ND COMP SCAN'TRS:S R=R535 SK=13D 9.9

B9«40 5 RI=13G 2.25

@990 F K=0,33¥ MGET(R*8+K+4,1,T)3X SAVH+1+9%5Ks1)

ES




*

D-11

X FILEC18)

B=117 16%Y

C:LICK FOCAL SCN72-Q OHJ\

@l.81 X CALLC1,1)

@2.85 D 7 )

P2.10 D 451 (~00PS5)2+93X PUTN(8s052551254)

@215 X NAME(3)3F J=8,55X STORCAG, 4%J5CCJ))

70.20 X PULLC1)3X POLYCAB,8,5)3X SAV(17)3X END(®)

@2.90 D 523X CALL(145175)

@310 D 73D 431 (~DOPSI3e9

@3.15 X CLERC(PISX SAV(E)3X PUTNCA48s 512520005 512)

@3.20 § CCFI=CLBI~R+OES

B3.25 D 24153F K=1s4;D 6

33.88 X END(@) |

33.93 1 (1-00PS)3+953D 5.3;T !"ZEROS LOADED INTO EXTINCTION TABLE"
B3.91 X END(@)

$3.95 D 5.+25X CALLC11,158)

Bhe10 X STAT(=1323A {"CALIBs« NOs"CN5I (CNJ4s954¢851 (85-CNJI4.9
B4.80 X MGETCS1)3X MGET(S2s1)3S SF(@)=1035 SF(1)=2.E455 SF(2)=8.E7
B4.30 S SFC3)=1.E1158S SFCA)=1+E1435 SF(5)=1.EL7

@hes@ F J=0,535 CH=6%CN-5+J3S CCJ)=(FCHANCCH)+FCHANCCH» 1)) /(2%5F(J))
#4.50 X CLERCH)IIF J=1,43% SAVCJIISX PUTN(B*JsBs512%(J=1)5512s1)
B4e7G S OOPS=@IR

@4.80 S OOPS=1;R

B4.96 S OOPS=2iR

#5.20 T "IMPOSSIBLE!™

#5.30 X CLERCE);F J=18,253% SAV(J)

@5.40 X OUT(6)3X DIVD(B,8s1,323% SAVCD

F6e10 X PULLCK)3}X POLY(4@s@s5)35 D=FITR(FPEAK(@#,Hs511)/4008+1)
P6e15 X DIVD(@s@s1,D)3X SAVCK)3X PULLC6)3X DIVD(KI3S C(8)=133.07031
36.28 5 CC1)=13.53189/D35 C(2)=.2003604/D1255 C(3)=-.1BR5613E~2/D13
§6.25 S CC4)=+AA38725E~5/D14AST J=0, 43X STORCA1s4%J5CCID)

G6.30 X POLYCA1,0,4)3X SAVIK+17)3X SAV(K+R1)

87.10 S S1=@;5 Se=1




¥ CoLLCL1)
;‘:’J“lj
o LICK [FOCAL SCHT72-0  O7FN

@leMs ¥ CALLCL2LD

Aleld L

Pl e X STAT(=1)3T TITSUN BOY DATAT

Ft.02 D 734 TUNEY DT THLe? (Y ORr NX'TISI (T1=-PY)IRa151e262201
@leo6 ¥ COLLCO1A:3D

B 16 T (T1D1e0531 (=LBY1IL.2

B2.11 ¥ CLERCHISE J=921063% SavddIszy PUTNC(HxJI+T5 121205 8)
A, 13 A TPDECTD

H2.15 5 DCE(FITR(D)'i”f-D“F]'.'I'H(D)>/»6)??‘-nf«_’117!§533

FRe 4 K CALLC1Z2s 168D

Gaels ¥ PULLC9OY3S SCoFPEAK(G, 980, 46953 /2681

G4.01 ¥ SWIT(-1)3F J=fs13F K=95123D 105

GH.02 A TUSTORE AS SCAN NOURS:I (RSI1.225 5.4

Ahends T J=fs13% STORCTO+3EHJs 1215 TTCID)D

BA.0E % NAMECH) X MPUTCT2s 64%R5s 043X MART(HI3E 1.2

(5.20 T “SCAN 7 NOT ALLOWED™IG Ao 22

SYITC=1)3% STATCIB@E,TEMs 1IN O =120038 AFR
CPROGRANM TO SUM SCANLGS SUBTRACT SHY:

PO OoRRECT FOR DEADTINME .é%i.\!D EXTINGTIONT131 (-LBY795
IURENTER DECs Hefo IN FORMATS D" GelIN, HReMINY
1UADD 148 TO SCAN £ IF SCAN IS On 1"11\[‘1(]*‘—‘ TAPE."
PUENTER =1 AS SCAN # TO PROCESS SUANS

i 9ass -2 TO RATL OUT.T

PoRNTEE DWELL TIME IN MINUTES.”

P SLIT CODESY

F=TH L= (ERETY I R=RIGHT I B=R0TH O E=SKYY

@7 17 19Q=0QUARTZ OR OTHER CALIB."

w7« 9% ¥ STAT(-1)3R

B7 .95 D 753D 7T+635D 706530 TG

&7 e 14
€7 « 28
07 « 30
&7 - 4
T - 5%
A7« O
BT o 45
Wi =15
WY« T7 5

[
15

N e - R A

106 56 £ PULLCEF4RIIZE ORTCSC Cs0sGolls 20 (K=9)HR56)

11«18 I

1116 5 LE=15G 1.2

1120 T 77”@('{“\} #3955 N=(]

1125 A 15CWI3SE N=Hr131 (OCN=-1)+1)1:02511.32,11.25
11.30 5 5 N3l (R BE;X CALL (13:823

11.05 0 fel

A
s
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¥ CALLCLIE)Y

V)

C:LICK FOCAL SCN72-Q O#M\

131
@1« 48
@le5@

BE.89
FR.10
B2.15
B2.28
B2e39

B3.16
(3«20
@330
B340
#B3.54

Ahe 1D
Bae20
Ah.08
Ale Rl
B4.26
Bé1s 36
B4.32
Aéie 34
f4.36
@4 e 38
Ate 48
5 LAPRIRE
Ble.45
B 50
Bae54
(B¢ 56
@A e 69
A4. 64
@1 68
e TE
BdeT78
Bie 8B
B4.88
B4e90

18«11
L@« 20

11.16
11.28
11.30
*

- O PN w3 4

D o e

Hb%PiHidrthnUlm(ﬁH

le‘ﬂtﬂﬁim’qﬂam‘qvjm

R A

CALL(1s1)
NAMECLISF J=@,135 TTCJ)=0
I"SCAN #  SLIT DWELL Hefyo*'!

N=¢

1,R(NDST C(RIN)I3L13D 11.338 5N
11334 DTNSI (S(NY~BRI2.2,2.3
11.35A HQD

(99-RCNII3«A55 N=N+15G6 2l

(~-2-RINII3.23% cALL (11, 140)

J=@sN=13D 4

BND(E)

3+235 J=N3S RCJY=RCJI)~1@A3D 3+53D 436G 2.65
"CHANGE TAPE, THEN HIT RETURN"DY

CN)4-4534045

R=H{J); S5 HA=(FITR(@)+<Q-FITR(Q)>/-6)*-261799
SZﬂl/(o6@6548*F51N(DC)+-795@&8*FCOS(DC)*FGOS(HQ))
ZﬁSZ“o@@18167*(SZ"1)*-@@2875*<(SZ-1)?2>
Z¢Z-¢@@@8983*<(SZ-1)13>

(SCJY=0LI4a3Bs45

(S(J)"@R)A-SQ:A.6

(SCI)~ARYA 36547

(S(J)‘@S)A-BS,Q.B

(SCI)-BRYAsh540.9

70.% 17BAD CODE FOR SLIT TYPEs SCANTRCJIIZA e TRY AGAIN"S(JD
(=SCJYY4.3

J=N3 R

K=@,35D 183D 11.2
K=Q:73D 143D 111

K=0,3;D 165D 11.1
K=, 75D 183D 112

K=@,7:D 183D 11.1
K@, 73D 163D 11.2
Re@, 75D 1684130 111

MGET(S*R(J)+K:@:7)5X DTIMCDTCJY*685149)
PULLC(K+185123X TINC(256%Z)

INC(K+9) 35X SAV(K+9)3 5 TT(K/Q)=TT(K/4)+6B*DT(d)/4
SAV(K+1)I3K PULLC(K+9) X QUT(R+1I5X SAVIK+9)

i) 1
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¥ CALLC13)
* Y
C:LICK FOCAL SCNY2-0 0O<LD

Al.01 X CALL(1.1)

A2.18 ¥ NAME(@)F J=T72,32,18435X MTAK(Js 64%5(H),38,7)
B2.15 5 Al=PTAR(SY, 1273355 AB=FTAK(87,128)/103D 12

M2.28 » CLER(HIIF J=9,163K SAVID)

B2.35 5 DC=Al*%.B17FAL333F J=8,1:5 TT(Jd)=9

A2.48 F J=@,N3:D 3:¥ NAME(S)

@e.45 1 (N+5@-Jrl.d1

G250 K ENDCE)D

A3410 T (SCD=-188123.255 5(J)=5¢J)~100

@#3«15 A 1"CHANGE TAPE, THEN HIT RETURN"DY

B3.280 X MTAK(H, 64%5(J)564,7)35 DT=FTAK(155122)3X NAME(])
A3.25 5 SL=FTAKC(15,125337 (SL~85)3.335 SL=FITR(SL/1G)-1]
B339 1T (SL-@033.32:,3.,9

B3.32 5 Al=FTAK(15,1883)35 AB=FTAK(15,124)3D 123;5 HA=Al#.861799
B3.34 5 S5Z=1/C. 6A6548#FSIN(DCY+. 793848 FCO5(DCI®FCOSC(HAY)
G3436 5 Z=5Z-«BO1B16TH(54-1)-002875%(5Z-1)1835 Z=2-.00888083*x(524-131t3
A3.49 1T (SL-0BY3+4653731 (S5L-BLI3e4653.531 (SL-BH)3+4653+6
@342 T (SL-8523.465,3.8

@346 T 1"BAD LABEL, SCAN"Z2,5(J)

B3.48 5 J=N+1085R

A358 F K=0,33D 1430 11.8

B354 F HK=4,T7:D 145D 11.1

13458 R

A3«68 F K=0,33D 133D 11.1

A3+64 F K=4,7}D 143D 11.2

43.68 R

A3.70 F K=0,75D 163D 1.1

B3.78 R

A3.80 F K=@G,75D 135D 11.2

B3.688 R

B3+90 F K=G,73D 10130 111

19,10 X PULLC(KH+1)Y3X DTIM(DT»149)

13.20 X PULLC(K+18,1)3X TINC(256%Z)

1118 X IN(K+9)3X SAUIK+93S TTI(K/4)=TT(K/4)+DT/4

11.20 X S5AV(KE+1):2Y¥ PULL(K+9)Y3IX OUT(KE+1I3X S5AVIK+9)

12.65 5 Al=Al~FITR(AL/2048)%4096355 AL=A2-FITR(AR/2848)%4396
1210 1 (~A1RABIL2.23]1 (A2~-A1)12.255 AB=-A2

12.20 5 Al=Al+AR/ G0

¥




¥ CaLL(14)

U

C:LICK FOCAL SCNT2-@ 0>Fd

@le.31
@1.10@
Bl1+15
A1 .26
Ble25
21.30
91.50
Ale55
@1« 68
Ble70

G2. 20
AR. 22
G225
B2.30
(7 PEALE

A3.19
B3.15
B3.20
@3« 25
03«30
B340
B3 45

H54e.18

B5+10
B515
D520
534
#5435
A5 40

A6e18
HEe 20

B7e10
D720
*

Wk P e

= N il

Mo ln e P =D oog W e X

wwn

CALLCL, 1)

STATC(=1)

LIWCOMBRINE SLITS™ X NAME(HE)

STATCLIBP 500,13 F J=1,5035 J=J

1 1UPROGRAM STAR SCAN #"P31 (P)1.01s3a " UNIT'UL
tvPIVIDE BY SCAN # (OR ‘NONE's OR 'SAME'I"S;I (S5)1.3
(S=FNONE) L« 6s3+131 (S5-BSAME)1« 62243

"ogNITTU2

51=5

MTAKC T2, 64%5, 64,U2)35 K=9

4,138 NO=<FITR(N!/20880)+]1>*1051 (AP95-N1)2.2555 NO=|
J=9,163X PULLCJIIX DIVD(@B,B,1-N0)3X SAV(ID

531F J=1,83% PULLCJIISX DIVDCJI+8,0,4095%R1(J/5)I3X SAVCDD
" DIVIDED BY SCAN "S513G 3.15

MTAK (B 64%P, 64,1030 14153T Z2, 1"5CAN "P

K=13D 4.13% SWIT(~1335 SC=N1/10d+]

J=1,43%X PULLCJIIFX INCI+ADSX CRTCSCPsD,D5 205 <J-12%256)3K SAVIID
CLERCA)SF J=0,33%X CRT(10,8,0,0,18,J%256)

1"SAVE AS SCANT™RSI (R)1.255D 1.6

MPUT(8,32%R.32,02)

"G 1e35

PULLC(KI3S Ni=FPRAK(A,K*1006,4095)

3.13F J=8,1:D 6

Z=R2¢GI;T (RICIDI-R1(EFIIB5.235 Z=R2(1)

Je=f@si D T :

J=01,235 DsFTAK(T9,126+J)3X PUT(39,121+J,D)
J=0,235 D=FTAK(87,121+J)3X PUT(39s124+J,D)
STOR(IS,121538)3X PUT(15,121,2)5X PUT(155125,-1)

Rl(d)mFASK(79+38*J:181)/(819@*ND*FASK(15+38*J,121))
R2(J)=+4342945%FLOGIRLI(JIIS5 R2(JY=FITR(R2(J)I I

€Z37+238 RICII=RIC(JI/LIATZIR
R1CJI=RLCJII*1@T (-2




¥ FILEC1S)

B=11751%W

C:LICK FOCAL SCN72-@ OOF

AleB1 K CALLC1.2)

#1805 E

B1e10 X SWITC-1)3F J=@.2083% STAT(186,960,1338 ST=@

#1.20 T !“SCRUNCH™!

130 A I"SCAN NO."051 (021.0134 " UNIT"U

Fle45 A 1"LAMBDA SCALE (ANG/CHANI"Z23S Z2=100%z235 Zl=Z2/2
G1e47 A 1"NEW LAMBDA TABLE? <Y/N>"LC3X STAT(-1)31 (LC-25)1.9
Pled8 A "SLIT? <LsRsB>"SL3I (BB=SLY1.55T "= BOTH";X CALL(1@,2)
Bled9 G 19

@150 1 (OL-SL)1+63T "= LEFT";S S1=1;5 S2=13X CALL(18,266)
1,55 G 1.9

@le«6@ T "= RIGHT™;S S1=03S S2=03X CALL(13,266)

Bl1e9@ I (BP-0Y}ile1s642511.1

#3+10 X PULLC1Y3S SC=FPEAK(@,100,2047)/280+13iD 3.15

315 X GCLER(1J}F J=@,3iD 3.2 .

#3208 X PULLCJ+1)3X CRT(SCsPs03>0,20,J%256)3X CRT(SCs0,041+10+J%256)
B6e100 X STATC(=12ID 1.23T VIVSCAN # CUNIT 7)"™!'(-1 TO ENDIY;S VVU=8;S U=7
6«12 5 BP=25

615 A IRCYVIIT (RUVIDI] 4538 YU=UU+13G 6415

P6«2@ 5 VUe=-]

@630 S UVmUVUHL1FS O=R(VVIIT (~0)11.1s11.1500

1118 X NAME(@)3X SWITC(-1)3X MTAK(8,32%0,32,U0)

1111 F J=ls43KX PULLCJISX SAV(J+4)

1112 D 313T %2.0 VI"SCAN "0

1120 X CALLC16,1322

15200 X EDIT(20046,103,W 5% EDITC(20A47,100-W1)

15.22 § D=FTAK(15,121331 (D-2348315.2335 D=D-4896

1523 X EDIT(2045,188,D33X SAV(4I3D 3.15

1525 T %7.02 1"LAMBDA OF 1ST CHAN. ="W1/164

15627 T (BP=0Y)15428s15.3

15.28 A 1"SAVE AS SCAN"O031 (021.413A " UNITVU

1530 X MPUT(8,32%0532,1)3¥X SWITC(=1)31 (BP~8Y)15¢426+3

1548 X CALL(1.,2)

%
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X CALLCL6D

W

C:LICK FOCAL SCN72-Q O0IIV

Fl«@1 X CALLC1,1D

Bl+04 T 1"SCRUNCH TO "»%5.03,Z2/10@-" ANG /CHAN"

Bl 08 ¥ CLER(QIIF J=1,43X SAV(J)

BlelP S L1=(33S N=@3;5 L2=6335 L=@

@1.20 X SAV(N/512+1)3% PULLC17)3F B=L1,L2}S5 LAMB(B~L1)=FCHAN(B)
Ble3@ S M=LAMBC(1)~LAMBC(Q);S W=LAMB(@)-M*+62535 Wi=W

@1e4@ X PULLCS,133X PULL(1)35 TGA=R;S T=LAMB(B)-MiS JO=0

BleS0 S K=@3S P=1;F N=@>20353D 2

Bl1+90 X SWIT(-1)3X CALLC(15,15)

Pe1G S W=W+Z23 1 (W-LAMB(H~L1))2.45244;S5 T=LAMB(K-L133;5 K=K+l
PRe2B 1 (K-L2)243,24331 (K-512)2.,2535 N=20483R

AR.25 § LI=L2+135 L2=L2+643D 1.2

@2.303 § M=LAMB(K-L1>-T

B2ed@ S Jl=4k(K-<LAMB(K=L1J)=W>/M)+] .

B2«50 S Tl=J1+(J1-J@)/235 IA=FITR(TAY;S I11=FITR(Ti)

GLeT8 § Y=(l~TA+IM)*FCHANCIO-Ls 501X +(T1-11)*FCHANCI1~L,581)
U283 IF (I1=-10-1)2.85,2.93F I=10+1,11-135 Y=Y+FCHANCI-L,581)
f2+83 G 2.9

P285 § YaY~FCHANCIFA-Ls561)

P2.90 X EDIT(N, 10@,Y/<T1-T>23S TH=T1:S Je=Jl

12«10 S RI=FASK(79:,121);5 R2=4095%¥NO*FASK(47,121331 (RI*¥R221#.12518.7
1@+12 S Rl=R1/R2

1315 S R2=FITR(.4342945%FLOGCR1))3 I (R2)10+2;5 RI=R1/10tR23G 1(3.3
13.20 8 RI=R1*18t(=-R2)

1830 F J=1,43K PULLCJISX DIVDCJ+8,0,4895%R1I3X SAV(DD

1840 X STORC4T12130)3X PUTC(47,1281,R2):D 1@8.53X END(@)

1750 F K=01,13F J=0,235 D=FTAKC(T 9+8%Ks 126~5*%K+J)3X PUT(71,121+3%K+Js DD
1970 S R1=135 R2=@3G 16.3

*
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X CALLC(17)

w1y

C:LICK FOCaL 5CN72-Q  oLgp

Bl.61

B6e10
Beels
B6.25
Bee s

ATeii
d7+10
@720
47 30
G740
@BTe84
87«46
3750
B752
A7+ 65
B7e78
D778
@7« 85
BFe85
BT.88
@790
B7.95

A8 .50
8«55
B8 . 60
B8e 65
B8 68
G873
58. 72
28. 74
BB« 76
Z8e 7T
GB«78
F5. 860

12.15
18413

li.10
1t.20
ES

x

Fe
T
T
T

X
x
I
I
I
I
I
I
I
1
T
D
G
D
x
G
x
G

Koo mo ok

o)

WP

CALLCI,1)

STAT(36d,806,1)3% NAMECd)
”DPTIONS:"!!"C=CLEAR"!"A=ADD”

!"M=MINUS"!"D=DIUIDE BY"!"FEFIXUP"!"S=SAVE"3"P=CRT PLOT™
!"Q=QUIT"!”SDﬂSHIFT DATA"

SWITC-1)3x STATC=1);7T VIYOTILITY FROGRAMS™3D 63D T9
STATC(~1)3A PORPTION®D; T O-~BCYT4 24749
(O-FA)Te3,7e7

(O-BF)74d38.5

O-G5)7.40,7.8

(0-BM) 744,86

(O-OD)Tedibs8eT

(0-0P)T7e5,5.78

(O-BRYTe52,1.61

(O-A5D27465510.1

TORPRPIG 7.

Y131 (RYYe13X CALL(22,7)

Tl

TI3T (RYTei3F J=l,43% PULLCJIY S X SAVJ+4)
MPUTC4G,32%R»32,0)

Tel

POTC47,185)3% CLERCAIZF J=1,43%X SAVCI)
Tal

CALLC18,2)

633G T

L3I (RY7413% MTAKCAB,32%R,32,1U)

JEleA3E PULLCIYSX QUTCJI+a) 3% 5V

Tel

1131 CRY7e13 MTAKC72,32%R»38,U)3 8 NI=FPEAK(D:+900,2044)
NO=<FITR(N1/2@@@@)+1>*1@3I (4895-N1328+ 74358 NO=1
J=9,123% PULLC(J)I X DIVD(B,8,1,N0)3X S5aVCd)
PUTC4T,18255=-1)33% CALLCL 65 183) :

Tel

Bli=13X SWITC¢(-1);¥% CALL(26,3,1)

STATC100,25@,1>3A "HIT RETURN TO CONTINUEYRID 656 Tl

CALL(22,2)
Ts1

"SCAN #TRIT O(RYL1.238 "™ UNIT™U
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X CALL (18>

*

C:LICK PFOCAL 5CNT72-Q 0OdJdl<

@l.81 X CALLC1,1)

Blea®d X STATC1O6,100)53X SWIT(-1)3F Z=1,5055 A=A

@153 T "SWITCH 3-.11 TO FIX S5INGLE POINTS'™!

@60 T " 311 + 3,12 TO ZERD ALL POINTS TO RIGHT OR LEFT OF CURSH
W«65 T "s OR TO FIX UP A STRING OF POINTS <OPTION N>t

1«72 T v 3211 WITHOUT MOVING CURSOR TO END™

PR30 X CLERC1IIF J=1s45D 3

AL2+50 K STATC(=1323X SWIT(~123X ENDCE)

@3.85 S D=1925%51255 CP=R256

A3.18 X PULLCJYZD 63D 103 CRT(SC.H,0,02280,512)3% CRT(E5C»P2B2158:512)
G320 D 54135 D=FSWIT(3511+X1,¥1335 DI=FSWIT(3,12335 CP=FITRC(D/2048)
A3.25 I (D-DBY3+3+3.¢4

B3+30 5 X=FCHAN(CP+FS50NC(SA~CPY 53X EDIT(CP,@,X)

B335 X SBAUVCJIS G 3.1

G348 R

B3.56 X STAT(280,20,1)3A "L, Ms OR R?YLR3I (LRE-2L)3.55,3.8

3455 I (LE-AR)3+9253+653.92

B3«60 X ERAS(CP,@H-CP+1)

B3« 7@ G 3435

B3+.80 X ERAS(G.0.CP)

33493 G 3.35

A3+492 1 (LR~OMI34153+49453.1

B394 I 54175 D=FSWIT(3,11,X1.Y1)35 X=FCHANCCP-1)

@395 1 (CP-FITR(D/2A483)13.9635 CP=FITR(D/RAA8IIS D=D@A3S X=FCHANCX1/2+1)
#3396 F K=CP,FITR(D/2A4ABYIE EDIT(X,D,X)

A3«98 G 3.35

@510 5 X1=FITR(D/1824535 Y1=D-1024%X1:§ D@=D

A6a10 5 H=5B1131 (J=336.851 (FTOTL(SOD:@593)6.2:6¢155642

B6+15 S5 H=508

BH20 5 SC=FPEAK(S,8:,H)/300+151 (S5C-2848)6.4335 SC=0047

Ge.30 R

1Aa100 D 14430 153D 1630 146530 17

%
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X CALLC19)

Y

C:LICK FOCAL SCN72-0 0:0L

§).01
Ble13
@la15
Bl .24
a1.30
@1+35
@137
M1.38
A1 48

B2.05
BB 7
A2+ 1m
#2.15
B2.20
B2.25
@230
B2435
B2 4n
B2 54

B3.140
#3204
B3+ 36
@3« 84
B33.90

Ad.10

B35.14¢
A5.15

PéEe 10
¥

Ty g DX

KX XD

Mokt

b 1

bl

CALL(1,1)

STATC=1)35T !"™NOISE FILTER"™!!

"SCANTSSI (S)l.413a4 " UNIT"U

JEBs 33K MGETC4%S+J58,U)3X SAVIJ+4)

NC=1623351 (FTOTL(S5@M53:95)14451.35,1.4

L1=FCHAN(511)35 L2=FCHAN(51@);¥ ERAS (509,05 3)3X SAVCT)
DL=6B31 (L2-L1~1658066)1.3855 DL=125

NC=(LR2-L1)/DL~1085

Bl=455 OF=6003X SWIT(~1)3X CALLC(2M,394,1)

IMGCAUSS) OR F(OURIER)?VGFS1 (GF-QF)2.0724.1
(GF-0G)6s 152415641

UOWIDTH"™WIST (~W1)33.13S Wi=13G 3.1
RE=2048/7(580%(5C=1))

J=4, 75X PULL(JY3X DIVD(O,B,R2,1/R2+1):% SAVD
CLER(AIIX SAV(EIIX NAMECI)F J=d4,75D 5

PULLC4Y3S RE=2048/(RE*¥FPEAK (@, 4005 1025+NC-W)) 3D 2.8
EDIT(511,8,L1)3X EDIT(518,8,L2):X SAV(TIZX PULL(G)
ERASCNC+L -V, 608, 2%W) 38 OF=1803X% CALL(23,394,1)
CALL(21,25)

W=5%Y131 (W~17023.255 W=175

KN=5,72/W13X CLERC(AISF S=1,W=15D 3.8
EDIT(512~UW,9,2934579%XN)3% CLERC1):X FORMCBI3X SAV(3)3G 2.15
A=XNK2934579+ 2¥FEXP (~2+ T72%<S/W1>12)3D 3.0
EDIT(512-W-5:0,A33K EDIT(S512-U+S,3:4)

W=1883X NAMEC(4)Y3¥ CLER(C1)3X TRED(96G,201,8,323%35X SAUVC3,1):i6G 2.15

PULLCJ+1)3X PULL(J,1)3X FORM(@)Y3¥X PULLC3)3X FILT(W)
SAV(3)3X CLER(1)3X FORM(®);X DIVD(A,151,400)3X SAVCJI, 1)

Y"IYPE EITHER 'G' OR 'F'"GF;1 (GF=3F)2.0754415,2.07




X CaLLcza)

i

C:LICK rOCAL SCN72-0  OYE®

a1.01
Hlelp
@1.20
B1.30%
31431
Ble32
B1e35
D1.36
Hle37
M1a.40
31,58
G15]
B1l.60
g1.65
#1l.66
B1.67
@170
@1.71
D1.89
@1.85
B1.87

B3.05
B3+10
B3 20

Heelm
BB 20
B6. B
A6 60

19.10
13415
1%.20
1930

22.10
24.10

26.05
26«10
26. 20
26.30

28.10
28 .20
*

G)X<3>:D(301MU>G}N3>O*ﬂ3>ﬁ**m>bbﬁx

=ow

®o

o nmuog

Lr s % on o

=

D-21

CALLC1,2)
STATC-133T YrvpLore

I"SCAN"SS T {(S8)1.013n "UNIT™UsD 2o
"SCALE"SC;3 T (-FSWIT(QJI))I~31}D 2836 1.31
(~5C)¥1.38;:D sasrt A6a02,M=rG0, 1

"OFFSET"0F
(~0FY1e3751437:D 26

"“"CRT? ¢Y OR NX"CRHs 1 (CR*@Y)I-G:I-S;I-ﬁ
CALLC(21 ,4)

t.2

!"POINTS PER CHAN"P, "DOTS? (Y OR NOY"DT
DD=&31 (DT—@Y)1-67;1-66;1-67

DD=1

"NEW PAGE?"PG31 (PG=0Y)1 4851471518
CPEN(RA,9);F J=1,2%FITR(P)Y Y% COMPC1@24)y 5% COMP (76)

CALL(21,7)>

1.2

OF=404
R43X CALLC(21,4,1)
END(@)

OF=100:D 2435 P=13x CALLC(21,7,1)

ENDCa)

133D 1.353D 1«363D 165D 1e 73X CALLC21,751)
END<@)

Lel3A 1" FIRST AnD LAST scan #5"S1,52, " TAPE UNIT™USD 1.63D 1.35
5=81 ;
1-713D 223D 24a3p 1+365X CaLL¢21,7) |
S-’=5+15I fSE“S)l-@I:I@o?Jl@-B

Rl=1:F J=0,3;% MGETCA*S+J5B, U3 X SAVJ+1)
PULLC(R1)Y:5 SC=FPEAK(@:1®Q*RI;2@&4)/5@@

OF=0F+*FITR(S0)

PUTN(?E:Q:-OF-FITR(-OF/4®96),512)5X PUTN(?E;SIS:*OF/Q@Qé:512)
J=0,3:% PULLCJ+R1 Y X% QUTC(2)3X SAVCJ+R])

OF=a

NAMEC2):T 1vLpe SCALE (SW. 2,13 =
J=EFs 33K PULLCJ+R1 ;5% LOGB(@)I3X SAVCJ+R1)



X CALL(21)
oy _ _

C:LICK FOCAL SCN72-0 M?7E7

Bl1e01 X CALLC1,2)

P4.10 D 2033 SW=153S PP=B;S DD=p

94420 S SD=SD¥2+53X CRT(SDs 1622595 1,5 s OF»PP» DD)

#4430 X CLERCBY;X CLERC1)5S SW=53D 4.2

G4.40 X ENDCE)

7.1 X CPEN(#,9)3X COMP(8,-1823)5X COMP(E,50); % CPENC159)3% ZCOMI@)
BTe15 I (P=1)745 _

B1+20 F J=@,33X PULLCJ+RIDID 215X CRTCSDsB285050s OF» P> DD)

A7+25 5 Y=FZCOM(B)I3X COMP(@,OF-Y);F J=1,2%FITRCPY; X COMPC~1024)
87430 X CPENCG»9)iX COMP(@s~OF)

@740 X ENDCD) o . o

@750 D 2635 PP=135 SW=03D 4.25X COMP(2)3D 7.85;D Te3:% ENDCG)
2We10 F J=0s2:2;D 20.35D 20.4

20420 X PULL(951)5X PULLC11);R

Q0430 X PULLCJ*R1,1)iX PULLCJ*RI+1D3D 81

PO4% X FORMC1)3X FORMC2)EX SAV(J+9s 1)

21418 S SD=SC31 (818-50081.251 (SC=+99)21.33R

81.2@ S SD=SC/FITR(SC/800+1):F I=@,1:x DIVDC@s 1515SC/800+1)
21.25 B ,

21+30 S SD=100*SC3F I=8,15X DIVDCAs1s100,1)

25.1% A I"SAVE AS SCAN"S: €S)25.2:4 "UNIT"U

2515 F J=fs 35X PULLCJ+RIDIX MSAVCA%S+dsds )

25.20 A I“CALCOMP? €Y OR N)“CC3 1 (CC-BY)1e01,25.25,1.01

285.25 F J=0,33X PULLCJ4RIDIX SAUCJ+R]+4)

25430 S RI=R1+43X CALLC20,818, 1)

25.35 G 25.20

*
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X CALL(223)

37

CiLICK FOcAlL SCN72-0 03519

Ble10

A2.10
#42.20
A2.25
B2 30
22+ 40
D254
A2 &0
B2. 70
D86
J2.85
B2.90
@2.95

G778
BTe72
BT 74
BTe75
7«76
37«78
@780
G7.88
@784
47+86
D798

18310
19«20
14+ 30

11.103
11.20
11.30
%

N'ﬁﬁixlﬂk*xﬂn$“ﬂhix >

HX ot w

T = e

e Fr

CALLC1,1)

STAT(200,150,1)3% NAMEC2)3T "SHIFT By X CHANNELS'
P"X>8 FOR SHIFT T0O LONGER VAVELENGTHS ;s % STATC-1)
J=1s45X PULLCJ)Y ;X SAV(J+4)

" ENTER X'X:5 K1=FITR(X);S Xe=¥~X138 K3=FITR(X1/512)
X1=X1-512%X3;1 (FABS(X3)-4)2.5:8 DR==158 X3=43G 2.8
SHOV(5,2048,X1 ,4)

(X2)2.7,2.8358 R=858 DR=~1:5§ Ci=@;3S5 Cce=511:p 1936 2.8
RO=438 DR=13s Cl1=51135 C2=0;D 1¢

CLERC@)IF J=0,3;x SAVCIIIN SAVCJ+9)

J=@,33X PULL(Q-S--5*FSGN(X)-X3+J)§K SAVCI+12)

J=f,33% PULLCJ+12)3X SAVCJ+1)

NAMEC(B) 3 X END(@)

T1=FTAK(47,121);38 JB=FTAKC47,125)3% MTAKC40, 32%R,32,U)
DU=131 (JIB~4095) 77831 (FTAK(47:125)~4@95)7-7$

DV=235 Te=FTAK(47,121);8 D=T1-T23X PULL(&,1)

Q=131 FABS (D)

J=3,638 K=J+FSGN(DY;5 X PULL ()3 X DIVI(@,0,051)3% SAVIR)
J=1,43% PULLCJ) X INCJ+433X DIVDC(B,0:15DUY; X SAVCD)
(DV-237.9;35 T1=(T1+T2+FABS(D))/83X PUTC475121,T1)
(FCHAN(S@B:I))7.9:7-84:7.9

J=514,511:58 K=FCHANC(J,1)1% EDITCJ,@,K)
EDIT(SBQ,@;TI-HQQG*FITR(TI/EQQSJ)SX SAVL)

ENDC(G)

KY4=FARS(X2) ;X PULL(R@,s1)
J=1:43D 11
11.13% EDITCCLYSD 11.3

MOUEC-S“DR*nS:Sl@;XB*I@@@)JX PULL(RO+DR*%J, 1)
D=C1—X4)*FCHAN(CI)+K4*FCHAN(CB,1)SX EDITCCIa,1)
SAV(RB+DR*J=DRD
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X CALL(23)

#

C:tLICK FOCAL SCN72«0 NLEZOEEOBAX CALL(1.1)

@131

7R.10
A2.12
B2+15
7i2. 20
f2.23
B2« 25
A2 . 30
A2 35
B2e37
A2« 42
B2 45
AR 55
D257
B2« 60
B2 65

Mdeld
AL e 20
A4 30
B4 .40
B4« 58
B4 e 60

12.10
12.15
12.28

1318
13«20
%k

X

MU= d b n e U 123 2 06t

joa e e ey Wi SR TR e

=

CALL(1-1)

NAME(E)

STAT(~133A 1IVLINE ZAPPER"™IMSTANDARD STAR "™:D 12357 (5)1.01

NAME (A

SUIT(-1)3¥ CLER(BIIF J=12,153X SAVIJIIX PUTN(B*J,A,10603.512)
OF=10035 R1=23¥ CALL(2(1,394,1)

CLER(EIIX SAV(1I:X SAV(6)3X STAT(S5H,9505133T "MARK LINEY
XD=512:5 YD=5123D 133X SWIT(~1735 XC=2%XD

(52480~ Re 454l

R=FITR(XC/512)35 CH=XC-518%R3I (128-CH)2.4535 R=R-1:5 CH=CH+512
PULL(R+2,1)3% PULL(R+2)35 51=FPEAK(CH-128,1004%(R+2),CH+128)
PULLC(R+3)3X CRT(S1/8B0@+1,256,CH-12851,15510823X STAT(300,140,51)
"MARK 4 CONTINUUM LIMITS"™

XD=518:5 ¥YD=5123F J=6,35D 13:5 C(J)=XD/4+5124R+CH-128

CALL (24,2

STAT(=-1)3X SWIT(-1>5;T !"PROGRAM STAR "D 1251 (S>1.41
J=2s 55K PULLCJYSX DIUDOJ+1@-6,1888)3X SAVID

Rl=2;X CALL(28.,3)

EUSAVE AS SCANYSIT (S5)4.13A "UNIT™U
MPUTC(16:,32%5,38,1)

da1

HSCAN #5531 (53¥12.2:34 ' UNIT™U
MTAK(16,38%5,32,0)

D=FSWIT(3511,XD,¥YDY3S XD=FITR(D/1224);5 YD=D-1@24%XD
STAT(XD=2,YD=~533T %"
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% CALLC24)
i
C:LICK FOCAL SCN72-@ NFI1&R@FUF2F J=C(2),CC3)3D 5

@81+ X CALLC1,1)

318 S M=03i5 XA=0:5 S¥=00:35 XV=035 X2Y¥=0

B3.200 5 X3=035 Xd4=035 S5¥Y=@

330 F J=@,23F K=Jd+1,3:D 7

33.35 X PULL(2)3X PULL(12,1)

3.4 F J=C(83,C(133D 5

A3+58 F J=C(2),C(333D 5

B3+ 62 5 D=MEXAHEA+QXSARRRAXI ~MRXI T 2-XeSK1 2~XX13

B3. 73 S AG=SYRKX*RA4+SHHREIRADY +XARAYHKI

A3.73 5 AP=A@-5Y#X312-XV*SK*KA-KEYREN123S AQ=AG/D

B3+76 5 Al =MRXYHNA+EYHX kXA +X2YHEHRKK

A3.78 8 Al=A) -M¥X2Y*H3=-SY*SXHKA-XY*XKX12}5 Al=A1/D

A3+ 80 S AL=M¥EBY RN AKYRSKAXK+BY#SHKK3

B33«83 5 AL=A2-MrXYH*K3-X2Y*SXt2~5Y4XXt255 AB=AR/D

B3+86 5 M=C(1)3S5S M=FCHAN(M:1281)

B399 F J=C(12,C(2)3D 6

@395 S M=FCHAN(2200,1201)23X SWIT(~123X PULL(14,1>
23«96 X PULLCIS5);X FORM(1)3¥ FORM(233X SAV(1@-1)

B2.97 X PULLC12,1)33¥ PULLCI333¥X FORMCI)3;¥ FORM{2)3i¥ PULLC1G)
P3.98 ¥ CRT(5,10683,8,1,13,110)3X CALL(23,28%128+25)
G518 & NX=J~XHC3§ M=M+135 SY=S5Y+FCHAN(J,280)35 SX=5X+NX

B35 20 5 XY=XY+NX#FCHAN(J,2003)5S5 XaY=X2Y+NX*NX*FCHAN(J, 203D
D530 HKX=EX+NXTE5S K3=X3+NK1335 Na4=X4+Nxtrd

n

B6s10 & NX=Jd-XC385 NI=AG+AlRNX+AZHNKT2
D630 5 AB=NI/FCHANC(Js2080)3X EDIT(Js1201,ABXx10G0@)

B710 1 (CCKI=C(JXITB3R
B7.20 5 T=C(J)5S5 CCJ¥=CC(HIFS CIK}=T
o
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¥ CALL(29)
®W
C:LICK FOCAL SCN7TE2-0 OCED

@1.01 ¥ CALLC1,1)

A2.05 ¥ PULLCBISF J=l,43% EDITC(249+J,8,C¢J))

02.86 E

F0.87 & KC=FCHAN(S511)3F J=0,33S T(JI=FCHAN(J+25@)3S5 D(J+1)I=TLD
D208 & T=T/106638 TCI)=TC(1I%5.E~735 T(2)=T(2I%1.25%1.E~1¢
A2.09 S TC3)=T(3)%1+E~135% EDIT(H,1,123X EDIT(151,912)
0210 X EDITC(2,1,20470633% EDIT(351s112);F J=G,2,K0C~135D 3
A2.15 § N=53D 9

G220 X SUITC-1)3F J=0,2,KC+3;y 10

Ge.40 S IN=53X CALLC9,6) ’

A3.10 8 L=FCHANCJU) /10038 U=FCHANCJ+1)/1060

P3+20 S RE=03F K=0,335 RE=RE+T(K)*(L1K)

P3.30 ¥ EDITCI+4,1 L1003 EDITCJI+55 15 (RE-VD*280A+512)

B4.10 I (~R<Jo34.25 R
Ba.200 T (FABS<M>-FABS<X(J+K%N1)>)4+354.33R
P4.38 5 M=X{J+*N1*K)35 B=J35 C=K

A%e16 I (J-B)5.255+355.2
B5.20 S D=XC¢J+NI®C)I3F K=f,N138 XCJ+HN1¥KI=K(J+N1*K) X (B+N1*KI*D
@5.30 R

Beell I CleE~H-FABS(K<J+NIF*K>))E.83R
G620 S BKI=XK(J+N1IT2)D

@718 F P=0,2%N3S S(PI=XXIP+5(P)

AT7+20 S Y=Y/23F R=0,N35 X(R+N112I=VR(XXtRI+X(R+N1T2)

A9.17 S Ni=N+138 I==13F J=@,N;F K=@,N1:58 X(J+K«N1)I=0

B9a12 F J=@,2:N33 S5(Ji=0

FOe15 F J=f,2,K0+335 XX=FCHANCJ,1)/1.EA3S Y=FCHAN(J+1,1)~5125D ¥
#9.16 F P=0,N;F G=0,N38 X(P+Q#N1)=5(P+Q)

@9.17 F K=@,N35 R(K)=K+l

@920 S M=12E=6iF J=0.N3F K=6,N3D 4

#9.30 S R(BI=G3F K=0,N135 XK(B+NI1*K)=X(B+N1%K>/M

P9.35 F J=0,N3D 5

A9t & I=T+131 (I-N)9.23F J=@sNJF K=floNiD 6

7p9.58 R

1@e10 & U=FCHANCJ:1)/20038 U=FCHANC(J+1,1)5X STATC(U>V.B8)3T "."

*




X CALL{3B)
kY
C:LICK FOCAL SCN72-0) M?YED

Bl1+@1 C-AUGe 25/782 PUTN.EDIT»STAP, TOTL FIXED.
Bl.02 C-PROG 16~LIST AND EDIT BEDUCED DATA LOG
@193 X CALL(1-1)

#2.10 A "TYPE FIRSTs, LAST SCANS TO LIST™.UsV

BR.20 X NAME(6I3F J=U>ViD 3

B2e30 W NAME(S5)IF J=U.V3D 4

B2.35 T !

fa.ad G

B3e1@ F M=1l,43X MTAKC(IR4+M=-1,32%J+B85M-1,1.7)

PhetB@ T TIMSCAN",92,03T 1"™NAME.. "X DICOCJH*4,5126562102451,121)
F4« 28 X UNPK(6s51884)3D 5

BA4.30 S M=FTAK(J#4,121)38 M=M-FITR(M/2049)%x469635T I"SCALE ", M
@448 T 1"™STNDee«"3X DICOCI*4+3,1215651024)3X UNPK(6,1024)3D 5
B5.10 F M=1,380:5 U=l

A5.20 X COTY(12,1024)

BA5.38 ¥ M=1,3035 U=U0

F6.16 A PMTVPALTER SCAN NO"J3X NAME(G)S3D 313X NAME(S)3T 1"NAME.+«"3D 7
PE«2A X CODICJ*4,12656:200051,121)03A I1VSCALE"™™IX PUT(J%4, 121,
B6e30 T 1V"STNDes"3D 73X CODI(J%x4+3,121,6,2000)

B6e 4 ¥ NMAMECS) 3 F M=1,43X MPUT(Jk4+M=-1,32%J+8%M=151,7)

A6e45 T 1

P6e50 G

@7.10 F M=1.20035 B=R

BFeld X TYCO(EG,2080)

B7.30 F M=1,3055 B=B

@7.40 X PACCCLIR,2040)

1010 X STATC~1)3A TIYLIST OR EDIT?"LESI (LE-AEDITI2«1s6415241
31.90 ¥ CALLC1,1D

31.98 W

31.99 X ENDC(Z)

s
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GeLICK

Al a0
B33
@1 o35
#1614
71« 2
@1 e 3

w1
m 13

216
H o 236]
A2 « 3
02 o 4143
@2 » 56
B e 6
P18 7 (3
&40, Ha
(2=85
B0 e Q1
HB2.93
2 e 96

G310
#3elh
3 e 20
P13« 30
AR« A48
A3 e St
(3« 64
(3370
13 852
€3 e O

34163
3108
31 .99

"
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C

WD

w1 Lz N LT in
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CALLC3LD

FFOCAL SCNTE2-0  DZED
=PROog 17-RDIT LOG
CALLCls1)

STATC=12
PTYRE SCAN NOPTL3E NAMECA)IF Mel,85X MTAKCS®EN=-1, 64:®
TEHIT "ALT HMODRT KEY TO LEAVE UVALUE UA]LrM?ﬁGJ...-Da"

NAMILCS)

JERTAK(T- 185 );f“a ERGLITY g5 PUT(Y 21250 )
JuEFTAKCT,123)5 PPHA MRS H PUTCY»123: 00
g_'JZE'?‘l*AK(?:lR!USA MMINTIRE PUT(T 1084500
JEFTAKCT 188030 TUDYRLLYI: Y PUTCT 128 00
'!Hi.\?l:}i?'i‘f_‘__:onw”'i? M"‘l:l?}ﬂgs =5

mFTYCG(pw, 2AGE D

M=1,30:%5 B=18

CJ=823 B 7' (J=430e3:2:3:2608

P’\(,()(lc;ufjf}f))u\ CODICT 120, 626000851215

J=FTAKCR3, 121354 P'PST HR™JIX PUT(23, 1815 .0)
t] E*EN{(C‘B: 1280348 TMINTJS X PUT(E3, 128,02

=PTAKCIS 124050 19RA HRYJZHK PUT(15: 124500
J;—:g. TAKCIS, 12523 "MINTJSY PUTCL5. 12500

JEITAKCES5, 120358 "SECTJRY PUT(LE, 1265 J0

JueFTAKCLE, 127350 TUPDEC DEGJSH PUTL5:1875 00

JuFTAKCIS V28718348 THINYJIN PUTCLS, 128, d%102
JEFTAKC23, 12324 TUERAT'USE PUTCER, 123, )

PTCOMes o5 Mel, 17055 BaR

JsFPTYCOCT B 26600

M=1,3335 B=0

(=20 36731 (J=4) 3.3-,3-853473

PACC(OA, 240683 CODIC39,121,383.2000-5,121)
PITALL DH? (Y 0O NIY7J3L (J-8BY) Asa153:95 4.
NAME(G I3 E M=1o853 MPUT(BEM~1s 645 K+83M=12157)

130

ENDCAD

AN 15157)




D-29

X CaLL(32)

E30]

C:LICK FOCAL SCN72-22 DLE:

7161

$2.19
2215
B2l 20
G2 e 30
B2.35
D2e39
@248
@241
@248
D2.43
B2e44
245
R 46
BE. 506
@2« 60
726 65
B2+ 67
Q2.78
G283
A2«85
B2.96

B3.180
23« 26
B3«25
B3+ 30

Dire )
@20
Bhe303
B5«10
5910
31.98

31.99
"

C~PROG 19-~LIST LOG (WITH PROG 26)
B1.82 X

et U RS Y ) Mt U ey b b b U0 U D0 BE T e

L2 ed nin

= = W

CALL(1,1>

"SCAN SLT HA DWELL OBJECT P3ST RGHT aSsC DECLIWN "
"GRAT COM" s !

B=l@4+9%N3i5 W=@:5 L=y

DICO(B,Ws64,18245,133X CODIL9,8, 84,1884)

D=FTAK(9,1331 (D=-3) 2.4:5.1

R=FTAK{(9,0)3T 1%ZR2sR.," "

M=FTAK(G,4)35 J=M31 (J=27) 28.4135 J=FITR(J/ 10>~}

(BB~J) 2.425T "BY™iG 2.5

(Bl.-J) 244337 LG 2
(BN=J) 2.443T "N"30 2
(BQ~J) 2.45:T "Q":G 2
(BR-J) Z.465T "RY"3;G6 2
'I? L5

J=FTAK(9,2)37T Z2,J35 J=FTAK(9,333T Z2,J3T %4,D

(27-M) 24731 (R-0) 2752738 J=FTAK(9,32)31 (J=~8) 2465551
J=1,493T " @

443

X DICO(9+5,6.1084)5K UNPK(6,1024)3F K=1,3803S5 N=N
JEFCOTY(12,1624)

K=1,3035 N=Y

K=l,sJsT " ¥

J=FTAKC9>16)3T %2,J35 J=FTAK(9:17)3T Z8,J38 J=FTAK(9,11):T Z%3,dJ
J=FTAK(9,12);T Z2,J38 J=FTAK(9,13)3T #2,J;5 J=FTAK(9,14)

WS JsJd=FITROGJ/EG49)FA4AB9 63T F8sdJ

JEFTAK(S,15) /103 T %3.15Jd3S J=FTAK(9,18)3T %654

J=FTAK(9532)51 (J-0) 4+2s5.1

"YES "

L=lL+131 (17-L) 94135 W=yW+ed3] (W-189) 2.3:S5 B=R+13S W=W-12930 23

END(B)

END(@D
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A CALLC33)D

Ay

C:LICK FOCAL BCN72-0  OYNH

Bled2 X CALLCI»1)

BRe 17 X NAMECAHIIS N=O:3T {"USE ALL TApPE ﬂ‘%itUth” 2DIAL 7, THEN TYPE'S
B2« 15 T 15'NEG TAPE = END"FI"TAPE NQ. DATE (RLT“‘“QM] PR

R0 A TJ5X PUTCLIN-JIS T (J=@) D.93T ' TIE H=1s18055 N=N
D230 § M=eFTYCO(20, 250G +36H %N )

F2e il ¥ K=1:80835 N=N

(250 T (Mi~1) 2.7:2:635T ["BAD FIRST CHARREPEATYSE 5.0

2. 60 X MOUUVCZBINF2GE(N-1 ) 2500 +20%N, 206)

B2s7TH F HKs@s 1731 M=1585D 8.1

U280 X CODICIARIHN, 1152, 101024513358 N=N+13T CW~24) 9.2

A2 961 T 1TVPUT SYSTEM TAPE ON 835 N=0

1225 X CODRIC2, 2, 400,2500,: 133 NANMECSIIYE DICOCR @ 400 0500 1)
W3e18B &5 JeTFTAKCI-NIST (_:’J 18=J7 Qe 13T VTETFISE H=el,360055 N=N

3«15 ¥ COTYI20, 2500-+26 3N

HRel F Kei,s3@iiss N=N

MR 25 T 7F TAPE?, 225 J, F138 (=

B30 ¥ CALL(32,026851)

Ao A T E?”COMMENTS”}S B f+9:NIS W=30398 L=

A4.820 & J=FTAMCBWI3T (J-@) 4.3:5.1

B35 ¥ DICO(BWs32, 168245103 K UNPKO32: 1A2405T 1729510 O K= lsa0038
Bhe Ll X COFTYCHA 1DIT4D

A 50 T Keml,5035 A=

f5.1@ § L=elL+1:1 (17~L) G135 W=U+6431 (UW~10293 4.855 B=B+lss5 W=W~-129
05200 3 4.0

Fhel@d I CC=M) D138 M=N+131 (N-21> 3.1:0 9.1

BEe 1l T MTAKCO, @4 B48kp=1,1733¥ DICOCQ, 1218, 1024+64%K+E:(M~-12)
GOl T P31 (C-i) 2.250

(e 20 (3

1[7501@ K BTATC=12503 2.1

120 -4 NAMECOIID 275K CODICIHN,B- 11521084, 103 8 NAME(S)

31'1055 5 W= CALLC32,26621)

1«38 5 N=@:8 C=-130G 4.]

N=N
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Things Which Should be in the SDRS Manual, But Aren't

Dwell time entries on the raw data tape Tog must be in seconds.

The REDUCED DATA LOG LIST/EDIT program now allows listing and editing
of the wavelength range of the scan.

Dave Burstein has made substantial improvements to the LAMBDA
CALIBRATION program:

a. Sky and neon scans no longer need to be on the same data tape.
Add 100 to the scan number to get the computer to pause and ask
you to change tapes before reading in the scan.

b. The COMPLETE BAIL-OUT routine {reached by entering - 1 for the
neon scan number) now contains an "ABSORPTION OPTION" which allows
the user to identify lines not picked up by the peak finding routine.
You will be asked for a scan number, the scan will be read in and
displayed, and then you should mark first the left, then the right
sides of absorption or emission lines using the joystick. Set
switch 3, 7 in the up position before marking emission lines, set
it in the off position before marking absorption lines. The
channel number of the first moment of the area under the line
profile will be returned as the line position. When asked "LA=;."
enter in wavelength in angstroms, or enter in -1 if particular
peak not wanted and program will continue. To exit this routine,
mark the same position devdee. lusce .

c. The automatic line_ identification routine doesn't have very many
Tines below h¥500 A, The complete bail out routine should probably
be used for scans extending below that wavelength.

There are several restrictions or limitations inherent in the SDRS
system, partly because of the use of integer arithmetic and partly
because of certain mental lapses on my part.

a. The extinction routine fails at large air masses in the ultra-violet.
It never works for an optical depth 24.4. Overflows of this type
will appear as sudden, very obvious discontinuities in the output.

b. The deadtime (paired pulse) correction should be of the form:
r = r *exp(RT) where r = apparent counting rate, R = correct
counting rate, and T = deadtime per count. I'm using R = r/(1-rT)
with T = 51 nanoseconds. This gives a 1% error at ABv~8.

¢. The final output is claimed to be accurate to only 1%, even if the

input data should be better than that. Also, note that everything
is normalized to the highest channel in the spectrum, and that the
result in any other channel is accurate to only .001 times the
result in the highest channel. For example, if a planetary nebula
spectrum has an emission Tine 100 x (continuum Tevel), then the
continuum will be accurate to only 10%. Sorry about that! The
best way out is to reduce the data twice, removing strong lines

the second time so that normalization will be to the continuum Tevel.




5.

Ken Nordsieck has a machine language SCRUNCH program near completion.
It will have essentially the same 1/0, but will run in seconds.




CASSEGRATIN SCANNER COMPARTSON LINES
(revised edition)

ook
LINE LIQEDI D WAVELENGTH SQURCE
13520 none 3520.50 Ne
73607 none 3607.00 Adlle
3889 3889 3888.65 He
3949 none 3948.98 A
3965 none 3964.73 He
4026 none 4026.19 He
4044 none 4044,70 A+A
24190 none 4190,00 A+A
14260 4259 4260,00 At+A
*:4334 4334 4334 ,00 At+A
14388 none 4387.93 He
4471 4471 4471,50 He
4713 4713 4713.00 He+Ne
4922 4922 4921,93 He
5016 5016 5015.68 He
15048 5048 5047.74 He
5340 none_ 5340,00 Ne+Ne
5401 5401 5401,00 Ne
5494 5494 5494 .00 Ne
5764 5764 5764.42 Ne
5852 5852 5852.50 Ne
5876 5876 5876,10 HetNe
5945 5945 5944,83 Ne
6030 6030 6030.00 Ne
6074 6074 6074.34 Ne
6096 6096 6096.16 Ne
6143 6143 6143.06 Ne
6164 6164 6163.59 Ne
6217 6217 6217.20 Ne+Ne
6266 6266 6266,50 Ne
6305 6305 6304.80 Ne

LINE LIEEDI D WAVELENGTH SOURCE
6334 6334 6334 .40 Ne
6383 6383 6383,15 Ne+A
6402 6402 6402,25 Ne
6506 6506 6506,53 Ne
16533 6533 6533.00 Ne
6599 6599 6599,00 Ne
66738 6678 6678.20 He+Ne
6717 6717 6717.04 Ne
6871 6871 6871.29 A
6929 6929 6929,50 Ne
6965 6965 6965.43 A
7032 7032 7032.00 Net+Ne
7065 7067 7065.15 He+A+Ne
7245 7245 7245.17 Ne
7281 7281 7281.30 He+A
7384 7384 7384.,00 A
7439 7439 7438.90 Ne
17506 7504 7506.00 A+A
7635 7635 7635.11 A
7724 7724 7723.76 A
7948 7948 7948.10 AdNe
8012 8015 8012.,00 AtA
18111 8115 8111.00 AtA
or (if unresolved)
8103 none 8103.70
BfiS none 8115.30
8264 8264 8264.50 A
8300 8300 8300,32 Ne
18377 8376 8377.00 Ne+Ne
8408 8408 8408.30 NetA
8424 8423 8424,00 AtNe
18495 8495 8495, 36 Ne
8521 8521 8521.44 A

&%

i

Weak line or bad blend; use only when necessary

Included in wavelength table

Line I D from previcus list
I have no idea (+ 10A) of wavelength

Lines ahove dotted line at 5401 can be found on blue scan, GS 2700

David Burstein
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Neon-Argon Lamp Spectrum
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FURTHER CHANGES TO SDRS

In the UTILITY PROGRAMS:

(1) A new optiom, "PLUS C", will add any specified constant C to every
channel in the buffer. C must be in the range -8388607 < C < +8388607.

(2) The new option is necessary because the SHIFT DATA option produces
wild points when trying to shift negative numbers by a non-integral number of
channels. The cure is to add a constant sufficient to make all chamnels
positive, shift, then subtract the constant.

(3) To make data reduction in the nebular mode go slightly faster, the
DIVIDE option has been modified to allow you to keep dividing by the same scan
without re-reading it from the tape each time. In the DIVIDE option only,
answering the question ”SQAN:” by pressing the ALT MODE key will cause the
contents of the buffer to be divided by the same scan used in the previous
division., It is necessary to specify a scan number for the first use of
DIVIDE, of course, and the information will probably be lost if some other

program than the UTILITY PROGRAMS is used in the meantime.

Jack Baldwin
April 25, 1973
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-- New Improved SCRUNCH =-- o

The PDP-8 SDRS routines which put scanner data onto a linear wavelength
scale (SCRUNCH and BATCH SCRUNCH) have been rewritten to put the most time-
consuming part into machine language, with substantially the same input-ocutput.
It takes approximately one minute to set up the "Lambda Table" for a given
wavelength calibration, and 5-10 seconds per scan to "scrunch" thereafter. As
before, the Lambhda Table is stored in a 'safe" place on disk so that it need
not be recalculated every time SCRUNCH is called for the same calibration.

To replace old SCRUNCH on your tape you need to copy new versions of NAMES 3

and 4, and programs 10,15,and 16 from the updated SDRS tape. This does not affect
the operation of any of the other SDRS programs. Further information and listings
follow:

1. A word about '"old" SCRUNCH - The old FOCAL version of SCRUNCH had several
bugs in it which may be important for some purposes. If so, you may want
to re-reduce the most sensitive data to see:

a. The results were shifted by one unscrunched channel toward higher wave-
lengths. This is clearly the same error for all reductions with the same
calibration, but it does produce a slight nonlinearity of approximately
0.75 A.

b. Reduction with fifth-order polynomial calibrations gave unpredictable
errors of up to two channels.

2. Operation of new SCRUNCH -~ Sample teletype input-output is shown on p 3,
with user responses underlined. The major departure from the old system
occurs where the scans are displayed on the CRT: first the unscrunched
scan is displayed in two halves on the screen, then the scrunched scan is
displayed just above the old scan. The teletype responds "0K? -~ (Y/N 2"
and if the user types ''N' the result is discarded and reduction continues
with another scan (if any). This halt was added to allow the user to check
that the right scan was scrunched, for instance, and to keep from destroy-
ing original data by over-writing it with a bad reduction.

3. Accuracy - In wavelength, better than *.02 channels; in counting rate,
about %.02AI, where AL is the change in counting rate from one chammel to
the next. SCRUNCH has been tested on sample calibrations in the range
3200-9000 A, fifth-order calibrations, on second order spectra (.525 A/ch),
and on scans containing negative numbers. If you find a bug, please let
me know (during working hours).




Programmers' Notes

1. Detailed workings of SCRUNCH - A listing of the three relevant programs
is shown on pp 4-6. Programs 10~2 and 16-2,3 are used only in the calcula-
tion and storage of a new '"Lambda Table!. Program 16-4,5 is used only in
SCRUNCH or the first scan of BATCH SCRUNCH, to create a '"bin" table from
the table stored on disk. :
a. Program 10 retrieves the calibration coefficients C(J) from tape (where
100xn (A) = J£C(J)x(100XCH#)J } and stores it on disk, along with the

coefficients of the derivative of the calibration polynomial.
[ : o B |Ji

b. Program 16-2,3 creates a 2-record table giving the wavelength of the edge
of every second channel in the scrunched data. This is then turned into
a table of channel numbers by solving the calibration polynomial
A = poly(ch) for channel (using Taylor's method - subroutine 16-3),
This channel number table then gives the position in the unscrunched
data (times 100 to maintain an accuracy of .0l channels) of the edge of
every other chammnel of the scrunched data. Shifting this table left one
position and subtracting then gives the "bin table! - the number of
unscrunched channels that are to go into successive pairs of scrunched
channels. This is stored on disk record 17 in single precision.

¢. Program 16-4,5 gets the bin table in record 17, "fills it out" to give
the bin size of every scrunched channel, and stores it in records 9-12.
To accomplish the filling out (subroutine 16-5) we use the overlay PAIR,
which merely takes successive high and low order words from the buffer
and pairs them (high,low,high,low...) in the other buffer.

d. Program 15, 15-11 gets the scan, displays it, puts it into paired format
on the disk, scrunches it (overlay SCRN) into the bin table, and displays
the result. Notice that it is necessary to divide the scrunched data
through by the bin sizes at the end: this is because SCRUNCH is always
used on gatios of counting rates, and so one wishes merely to correct the
abscissa of each channel without changing the ordinate. If one wanted to
scrunch a scan of absolute fluxes, this division would not be performed.
Program 15-15 stores the wavelength of the beginning and end of the scan
and saves the scan on tape.

2. The overlays X PAIR, X SCRN - Brief descriptions of these new overlays in
NAME(4) are given on p 7. The 'paired" format for double precision (like that
used in FORTRAN) is much more efficient for routines like SCRN which call one
double precision word ag a time from disk because it is not necessary to read
the single precision words from two different blocks. SCRN will be useful in
any situation where data is to be put on a different non-linear abscissa
scale (like log A); the detailed write-up of the present SCRUNCH can be used
as a model. See Lloyd Robinson for listings of PAIR and SCRN and a flowchart
for SCRN.

K. Nordsieck




SAMPLE TELETYPE QUTPUT

SCRUNCH

SCAN NO.:21 UNIT:Z
NEW LAMBDA TABLE? <Y/N>:iY

LAMRBDA SCALE (ANG/CHANY:1.85
SLIT? <LsRs8B>18
CaLIBes NOesZ,
LAMC@)Y = A867.3300 ANG/CH

i

scaN 21 OK? <Y/N>:Y,
SAVE AS SCAN129 UNIT:
o

.

SCRUNCH

SCAN NO.:22 OUNIT27
NEW LAMBDA TABLE? <Y/N>:i

LAMCB)Y = 4A86T.330 ANG/CH

i

| SCAN 22 OK? <Y/N>1Y,
SAUE AS SCAN23@ UNIT:7

SCRUNCH

caN # (UNIT 7)
TO ENDD

&

8 ws TB
[ e Lk T ]
A e N g

I

= s
5

J LAMBDA TABLE? <Y/I\]>:_‘£_
LAMBDA SCALE (ANG/CHANY 1 .25
SLIT? <L>RsB>3B

CALIB. NOe35

LAMC@)Y = A763.807 ANG/CH =
SCAN 12 OK? <Y/N>1Y

SCAN 14 O0OK? <Y/N=>:

L
SCAN 15 O0K? <Y/N>:Y

1.256

1.256

0 -3 -

/ Set up new Lambda Table

/ CRT display of scrunched
and unscrunched scans.

/ Use old Lambda Table

f BATICH STRUSCH

/ CRT display for each scan




7 - -d~

X FILECtm)

B=117 66%Y
GC:LICK FOCAL SCN73~C 06G#*

Mt .11

BARe@s
210
2« 281
2 o 403
(0 « 56
B2« 64
72«7 &
A2 « Q0

A3 16
3615
A3« 20
B3+85
A3« BY
M3 90
391
A3.95

Fde10)
Dl 20
B e 30
Al e 40
Pl e 56
Bl e 73
D4« 80
Af e 9@

B5.20
#5306
A5« 40

A6 10
GHe 15
@« 201
625
716« 30

A7« 10
#

X

TR EXOnXO XM X X oo

it X =5 XX

Cai |

™o o

CaALL(1,1)

7
231 (=00)2:93F J=@»538 C(JI)==C(J)/1901J
STORC14321281:650C(1)=-CCAIY3X STORC143, 1255 282%2)

8==C(BI3F J=1,435 5=5%204800-C(5~J)

STORCAL2,D3CCAY /5); K STORCARS 431 /75)

NAMEC(3):F J=@,57% STORCAG, 4% JiC(J)33 X STORCAL» 4%k Ji=1024%IXC(JI))D
ENDC(#)

H.2:% CALLC15,175)

T30 4351 (~00)Y3.9

CLER(®33X SAVIA6YIX PUTN(AB.512.2000.512)
ClAI=C{AY~2.5E5

2.63F K=1s45D 6

ENDC#)

(1=0033+955D 5.337T IVEXTINC = 6"

ENDCP)

523X CALLC11,154)

STAT(=123A !"CALIBe. NO«"CNST (CNY4e95s4.8351 (85-CNIJ.0
MGET(S13:X MAET(S8,1)35 SF(@X=1(:5 SF(1)=2.FE4335 SF(2)=8.E7
SF(3)=1.E1135 BFC4)=1.E1435 SF(5)=1.K17

J=@s 5385 CH=6%CN-5+J35 ClJI)=(FCHANCCH+FCHAN{(CH, 123 /(2%5F(J))
CLERC(AIIF J=1,43% SAVCJIIIX PUTNC(EH*Js@s512%{(J=-13551251)
00=@iR

00=1:R

O0=23R

HIMPOSSIBLE"
CLERC(OIIF J=18,8253% SAUVCJ)
OUT(6) ;X DIUD(@A.0515 333K SAVGD

PULLCKISX POLYC(A4%:-3,53355 D=FITR(FPEAR(HA®B:511)/40480+1)
DIVD(B,B>1>D)3X SAVIKISIX PULLCAYIX DIVDIKIZS C(AI=138.74829
CC1I=0:8 C(2)=1.05842/Dt255 0(3)=-.8133932/D13
Clad=B96811E-A/Dt453F J=0s 43K STORCAL 4% J3CCJ))

POLYC(A1-B5 422K SAVIK+1TI3X SAVIK+21)

St=@;s5 S2=1




X CALLC1IS)
¥¥ FILECIR)

A=117 53
1

C:LICK FOCAL SCN73-C O+

@let X CALLC1:2)

At 05 E

81«20 X STAT(=133T IVSCRUNCH™!

@le3@ A IM"SCAN NOLMOFT (Y1810 " UNIT™)

@t e4% A IMNEY LAMBRDA TABLE? <Y/N>"LC:;1 (LC-25)1.9

fled7 A PITLAMRDA SCALE (ANG/CHANDIMZRIS Z2=100+78

Bledst A 1VSLIT? <LoR,B>"SL3I (OBR-SLIE.53X CALLC1E.2)

Oled9 3 1.8

@le5A I (AL-SLY1eH3S S51=135 82=13G 1.7

Alecd & 51=035 52=0

A1.7% X CALLC(15.2606)

Al«8H X CALLC1AR51)

Ml 9@ X CALLCIAsAs1)

M +95 X NAME(AIFT (RP-BY311s1s6e2s1141

B3.100 &5 SC=FPEAK(D, 1G30,2047)/7208+134 SWIT(-123:F K=G8,0;D 315
315 F J=ti,2,2;D 3.2;5D 3.3

B3+20 X CLERCIIIX CRTC!7-05 12, (J+KIE256)

P3.30 X PULLCJI+15105X PULLCI2I3X CRTCSC 108243 15 45 (J+KI %2568
BEe 16 TF 1237 11PSCAN # CUNIT 731" (-1 TOQ ENDX'3S V=035 U=7
BH«12 5 BP=25

FE«15 A TROVUIST (ROYYID1 L4535 YU=UU+T G 6415

Bh.20 5 UYiU=-1}

BHe3H 5 YU=UUHLIIS 0=R(YVYIZI (01 .0]

1117 X MTAKC(RL 3240, 32,U)5D 3.1:%X NAMEC4)

1120 F (=033 PULLCJ+13:3X PAIRMAIIX S5AVCIJ+5,10

1148 F J=9,123% PULLCIIIX SCRN(S,T(J=922:X NDIVD(JsB5,18@23K 5AV(4-8)
1590 ¥ EDIT(2R46, 1AA0 5% EDIT(2847, 10@,W 1)

15.22 § DeFTAKC(LS5, 121031 (D-2048)15.2335 D=D-4896

15.23 X EDIT(2045:,18A,D)5D 3,153 % NAME(@)

1525 T 2.0 VIVSCAN"OSA M AK? <Y/NPY"OKSI (OK-0Y)1 5.4

15.27 1 (BP-4Y315+.28,15.3

1528 A 1"SAUE AS SCAN"NST (031.913A " UNIT"U

1530 ¥ MPUT(H, 32%0,32,10))

154080 1T (BP-GYJ)1heHhasHh3

1550 X CaLL.(1.8)

*
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A FILECL&)

B=11772+Y
C:LICK FOCAL SCN73-C 0OtH.

Al«01 ¥ CALLCL1,1D

B218 F J=152:X PULL(JYSX POLYC1435121,123% SAVCDD

@220 S NC=FITR(20A480G+%S5/22331 (NC-2037)2.4;35 NO=2836
G2.40 ¥ J=1,23X PULLCGJYSX POLYC(42,8,133X SAVCLIB)Y;D 3
2«50 X NAMEC2)3X SHOV(3: 102451517

BA270 F J=0,13% PULLCA-J,J)3X 0UT(2-~Jd>0)

D28 X FORM(A)IIX SAVC17.133X PUTC(143,120,NC)

@290 X END(S)

@310 F IT=153:D 3.3:D 3.2

A3«20 ¥ SAVLIIIX SAV(J+2);R

G330 X POLYCAla4,4)5K SAVCL1DSX PULLCLE) 3K POLY(4P»Hs5)
A3« 4%t X INCJIIIX DIVDC11.0. 102425 % INCI@I3X SAVCL1G)

Aae 1 X NAMEC4):S WI=FASK(143,1813:5 Z2=FASK(143,1253/8
D429 5 NC=FTAK(143,1208335 W=W1+72%NC

A4.25 T 27.03 1"LAMIAY ="V1/100:" ANG/CH ="72/100

B4.30 X PULLCI7)3X FORMOAIZIX SAV(9,1)33X 5AV(11)

B4 F J=9,2,113D 5

A4.50 X ERASC(NC: 980s 2848-NCI3F J=1,33S T(D=FTOTL(D>900,512%J)
B4.60 X ENDLG)

G510 X PULLCII X DIVD(Gs@21,2)35K SAV(JI+1)IX PUTNC(B*J+E8:0,0,512)
@520 X PULLCJ, 133X QUT(J+1,1)3X FORMCEIIX PAIRCOD

A5.3% X CLERC(BIIX FORMCAIIX SAVCJs 123X SAV(J+1)

18e1@ 5 RI=FASK(795121)55 R2=AFOS*NOKFASK(A75121331 (RI*R2)10.12:107
1«12 5 R1=R1/R2

1015 5 R2=FITRC.4342945%FLOGCR1IIZ I (R22100.255 RI=RI1/ZI1GIR2IG 103
13200 S R1=R1%10t(=-RD)

1038 F J=1s43X PULLCJYIX DIVDCJ+8, 0, 4095%R1 35X SAUCD)

19«48 X STORCATS 12153033K PUTC(ATS121,R2)5D 1253X END(BD

1853 F K=0,13F J=0,235 D=FTAK(T9+8%K5 126-5%K+J)3X PUTCT1,121+3%K+Js» D)
W7 S RI=13S R2=A3G 18.3

%




OVERLAYS X PAIR AND X SCRN

Overlay no. 4

/X PATRIN,BD 7
/TAKES N LOW ORDER WORDS AND N HIGH ORDER WORDS FROM
/JBUFFER B, STARTING WITH CHANNEL 9. AND PATRS THEM
/LN THE ORDER HIGHC(A)LOWCAI > HIGHCL )L LDWCL ) wwn
/RESULT. IS IN THE OTHER BUFFER. WITH BUFFER B
JUNAFFECTED. DEFAULT: . IF N <4, =@, 0OR >512, SETS

/N = 512

/

PAUSE/X SCRN{(R.W.B)

/SCRUNCHES SCANNER DATA IN DISK RECORDS RsR+less INTO A
/512 WORD TABLE OF BIN SIZES IN BUFFER B. DISK RECORDS
/MUST BE IN DOUBLE PRECISION PAIRED FORMAT: HIGH(®).
ALOWCEI HIGHCL)»LOWCL )2 ¢ o « sHIGH(511),LOWC511). W SPECIFIES
/THE POSITION IN THE UNSCRUNCHED DATA OF THE LEFT EDGE OF
/B3IN g, TIMES 12#6: FOR INSTANCE THE MIDDLE OF CHANNEL 1
SHAS W=150. THE BIN SIZE TABLE CONTAINS THE NUMBER OF UN=-
/SCRUNCHED CHANNELS, TIMES 100, IN EACH SCRUNCHED CHANNEL
- /CSINGLE PRECISION ONLYs, AND >8 0R =0). '
/
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STANDARD STAR SYSTEM 7

I. General Notes

There are two different flux calibration systems, reached by setting
switch 1,1 and pressing the green 'start" button.
The following SDRS programs may also be called

from the usual settings of switch 1,1 and

SWitCh 1,4: SYSTEM Iy
System B
PLOT, TARLE SERVILE
NOISE FILTER. , PLOT

; c@ SONTCE
UTILITY PROGRAMS. (except DIVIDE) READ LowER SWITCH

cakela
BATCH PLOT, Gy )
REDUCED DATA LOG LIST/EDIT.

1T, sttem A

. - PROGRAM STAR
For converting scans containing

STANDARD STAR

Tables of the standard star Fv values are stored on tape, already interpolated

to an absolute Fv scale,

to contain 1 point per LgSﬁ. This system is debugged and fully operational,
ITI. System B

Also called the "Miller System.'" This is for reducing scans containing

PROGRAM STAR
QUARTZ

tape. These may be updated using the TABLE SERVICE program, or they may be

Tables of the standard star calibrations are stored on the

temporarily altered while using SYSTEM B. The tables contain the following
information for each Hayes wavelength for each standard star: Fv’ central X\ (ﬁ),
bandpass (ﬁ).

System B first asks you to génerate a response curve (for converting counts

STANDARD STAR
QUARTZ

type in standard star scan numbers and identify the star names when asked. The

- Fv) using scans of for any numbher of standard stars. Just

curves will be displayed on the CRT; the points are plotted as numbers corresponding

to which standard star they were derived from.
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]
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You will then have an opportunity tahg%ange the vertical display scale, delete
bad points, delete whole curves, and grey shift the curves to get them to lie
on top of each other. The curves are then averaged together.
If the tube response is zero at one end of the scan, the response curve
will go to =« and do bad things to the scaling necessary in the integer arithmetic,

so you are given the opportunity of chopping off one end 2

|‘ P %’; Hu}/es Al
or the other., Finally, a curve is interpolated between — Kies

fast beyes

points, using quadratic interpolation. There is a (_i_‘ )’T A/
Respoase

choice of linear or quadratic interpolation for the

A5 outside of the Hayes wavelengths. ~

. R
The final response curve may be stored on tape to be recalled later, or

used directly.

PROGRAM STAR
QUARTZ

The next stage of the program allows you to multiply sCans
by the response curve.
System B is not thoroughly debugged., All known bugs are out, but the

program has been used only 15 or 20 times, so be carefull

fecl Bl




Loading Program for System A.

This program allows you to generate and store the smooth standard star spectra
which are used by System A, A combipation of cubilc least-squares fitting and
quadratic interpolation may be used. The basic options available in the program are
to Iist the directory of standard stars already loaded on the tape, to delete existing

standard star entries, to alter an existing entry, or to generate a new entry.

The routines for altering or generating entries are basically the same; you are
first asked to enter a table of wavelengths and fluzes, then there are unlimited
opportunities to interpolate between points in the table, to store the results on
tape, and to quit. The program will first ask for a common exponent for the fluxes;
the fluxes may then be entered in units of any convenient power of ten. All of the
wavelength and flux points should be entered at this time, The points should be

\\

h. A negative wavelength is used to terminate

lQ\u:J‘

RN
entered in order of incfeasing w

the entry sequence. If an error is made, there are two ways to correct it. If an
error in the wavelength is noticed while the corresponding flux is being entered,

enter a negative number for the flux and the point will be ignored. If, however, the

/

!

error is not notice; ntil after you have moved on to the next point, don't panic,

After the whole ta%le has been entered, the next phase of the program allows you to
correct entries. If a negative wavelength or flux is entered at this next stage, the
point will be ignored in the fitting procedure, Enter a negative point number to
terminate the correction routine, The flux entries will then be automatically scaled
so that the largest entry will be in the range 105 - 106. If 4d an existing standard
star spectrum is beilng altered, 1t is necessary to enter the point having the highest

flux in the whole spectrum, so that this automatic scaling will yield the same results

a¢ when the original data was entered.
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The program is now ready to start interpolating between points, loading the
results into a "buffer" stored on disk. If an existing standard star entry is being
offétéd altered, the appropriate gpectrum will have been read into this buffer.
Otherwise, the buffer will be ¢ipfy empty. The program will go in a loop with four
options: cubic fit, quadratic interpolation, save the buffer on tape, and exit the
whole program --- then back to cubic fit again,

If you elect to make a cubic fit, you will be asked for the range of data points
to be used, the fit will be displayed, you will be asked if you wish to load the fit
into the buffer, and, if so, over what range of wavelengths. When loading the fit,
you will also be asked "MATCH LEFT?", "MATCH RIGHT" meaning should the fit be adjusted
to match the existing values in the buffer at either or both of the boundaries of
its wavelength range,

The quadratic interpolation routine will only work between points entered in
the data table; no extrapolation is possible. Loading into the buffer is automatiec.

The "MATCH LEFI", "MATCH RIGHT" options are offered here also.
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REVISIONS TO
SCANNER DATA REDUCTION SYSTEM
Janhuary 28, 1974

JACK BALDWIN
DAVID BURSTEIN




REVISIONS OF SDRS

1. LOG LIST REDUCED DATA: Format improved for faster listing

2. UTILITY PROGRAMS: SHIFT DATA routine will now compute the shift
necessary to align two scans. Enter X=0 for the number of channels
to be shifted. You will be asked for L2 = starting wavelength of
scan to be added to the buffer after the shift, and for DL = wavelength
scale (Angstroms/Channel). If X#0 is entered, the program will work
as before.

3. COMBINE CHANNELS: This program is now called DIVIDE/COMBINE CHANNELS.
Data being reduced in the nebular mode can now be divided by the quartz
lamp or standard star spectrum using this program, without adding the
two slits together. This is accomplished by setting toggle switch
(3, 4) in the "up" position at the time you are asked for the program
star scan number. After the division, the data for each s1it will be
displayed separately and stored in separate 2048 channel scans. The
provision to always divide by the same scan, formerly called for by
typing “SAME" for the standard star scan number, is now reached by
typing "ALT MODE? for the standard star scan number. The provision
to not divide by anything, formerly called for by typing "NONE" for
the standard star scan number, is now reached by typing "-1".

4, Increased precision: The DIVIDE/COMBINE CHANNELS program and the
STANDARD STAR SYSTEM have been improved to reduce the iMportance of
truncation errors. During the process of dividing by the standard
star spectrum, some extra scaling is done so that the highest point
in the normalized spectrum will have a value of at Teast 20,000 and
typically 100,000. A1l other points in the spectrum will have heen

divided accurately to the nearest rounded integer value. It is possible




that there will occassionally be overflows in the division (the
output will jump from a very large positive number to a very large
negative number), in which case the scans should be divided using
option D in the UTILITY PROGRAMS.

The STANDARD STAR SYSTEM will now multiply the response func-
tion or standard star spectrum by the SDRS output spectrum using
triple precision integer arithmetic and then scale the data back
down to double precision. The final answers will be normalized so

that the highest peak will have a value between 10° and 10°,

Jack Baldwin
January 23, 1974




NEW WAVELENGTH CALIBRATION SYSTEM
FOR SDRS

The Wavelength Calibration System has been rQWPitten to make it more
flexible and, hopefully, more coherent. It utilized the same storage
space on the SDRS tape as the old Wavelength Calibration System.

A step by step explanation of how to use the new system is given
below. Some points however, should first be emphasized. In general, the
Wavelength Calibration System matches wavelengths with the positions of
the centers of emission lines (from scans of the comparison lamps) to
delineate the pin cushion distortion effect of the image tube.

First, the Tine centers are found by finding the first moments of the
Tine profiles. Wavelengths are matched to each usable Tine, and a least
squares fit is done to the center 800 channels {channel numbers 600-1400),
lambda (to nearest .01 ﬂ) vs. channel number. The phanne] number of a
1ine is the channel the center of that line falls in (to the nearest .01
of a channel). Residuals are calculated {in the sense calculated wave-
length-real) for all lines in the operation. A plot of these residuals
vs. channel number resemble a cubic curve and a third order least squares
fit is put through them. The coefficients from the linear and the third
order fit are then added together. If the data are accurate enough, a
fifth order fit can be made to the residuals of the third order fit,
(However, if the data are "ill-conditioned” - i.e., if they don't define
a fifth order fit well enough - the fifth order fit will go berserk and
must be rejected.)

This whole procedure is done for both the right s1it (which is done
first) and the left slit. A fifth order fit in the right slit must be
followed by a fifth order fit in 'the left s1it. The total output of the
Wavelength Calibration System is either 4 coefficients (third order) or 6

coefficients (fifth order).
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The centroids of the peaks can either be found by hand (individually
picking out the line and marking the continuum); or the computer can do it.
A wavelength table; which can be modified for individual needs (see below),
is stored on the SDRS tape. Wavelengths can be matched to lines either by
individually entering each wavelength at the appropriate time, or by
identifying 3 Tines with channel numbers 600-1400, one line with channel
humber Tess than 600 and one Tine with channel number greater than 1400.

The identification of these five Tines allows the computer (in the
later options) to roughly define the cubic calibration curve, and to
identify all the other usable lines in the spectrum that are in its wave-
Tength table. As Tong as the "(I)D OVER" option in (5d) is not used, once
a wavelength is entered for a line, that wavelength is kept. Therefore,
each time a wavelength is entered by hand, it should be the complete
wavelength, to the nearest .01 R, 1f the "{I) D OVER" option is used,
only wavelengths entered in the manual peak finding operation will be
retained.

The Wavelength Calibration System, as set up here, does not have a
specific "Bail-out" routine. Instead, all lines for a given calibration
are first found, and the channel numbers of these centers put in a table.
Then, either automatically or by hand, wavelengths are assigned to these
Tines. The scans used for comparison can be made with the comparison
lamps, sky, star, or whatever. Misidentified lines may be deleted, or
the entire wavelength identification process may be repeated at a Tate
stage in the caiibration, without a major Tloss of time.

In order to have as accurate a calibration as possible, one should
have comparison scans with reasonably "well-defined" lines. By reasonably

"well-defined" it is meant that the Tine is strong enough that its centroid
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is not appreciably affected by counting statistics (1dea11y; there should
be at least 800 cts/channel for the center 10 channels of the line), and
that it is not a blend of two or more lines whose centroid changes with
time or excitation voltage. The effect of the outgassihg of helium in
the Ne-He-Ar tube is a good ekamp]e of the latter effect. The wavelengths
given for the He-Ne or He-Ar blends in 1972 probably aren't correct in
1974,

It is hoped that a combination of individual lamps of He, Hg-Ar, and Ne
will provide adequate coverage of the spectrum from the red to the blue.
As a final caution, if the set of lines used for a given calibration does
not have enough lines at either end of the 2048 channel spectrum, the cubic
fit will not be well-determined. Accuracy,in both the wavelength determina-
tion of unknown object Tines and equivalent width determinations of lines

in certain parts of the spectrum, will be affected accordingly.

My thanks go to Jack Baldwin, who aided in the conception of several
key programs, and Whose ability to foul-up even the simplest of programs
made debugging the system much easier. If anyone has trouble with any
part of the Wavelength Calibration System, I can be reached at 429-2267
(office) or 426-0221 (home) between 9:00 AM - 8:00 PM.

DAVID BURSTEIN




-
LAMBDA TABLE MAKER - Or, how to make your own wavelength table with a

1ittle fuss and alot of computer typing;

To revise the wavelength table on your own copy of the SDRS tape,
for individual use, type X CALL (25, 2). Computer will type "LAMBDA
TABLE MAKER", then “PRESENT TABLE", and it will print out the current

wavelength table on the tape, in the form:

LINE NUMBER WAVELENGTH
0 3888.65

for all Tines in the table. When done, the computer types "ADD LINES

E.G. 4358.30 (-1 = END):". When teletype asks "ADD LA:" type in new

wavelength to nearest .01 R, Up to 400 wavelengths can be stored in

the table. Computer will continue to ask “ADD LA:" yntil -1 is entered.

Then computer types "DELETE LINES - GIVE#(-1 TO END)". When asked

"LINE#:" type in Tine number (0-400) of line to be deleted. This command

will be repeated until -1 is entered. Computer will then reorder the new
table and will print it oyt as "PRESENT TABLE". Then computer asks "OK?(Y/N):",
If :N is typed, Program goes back to beginning: if :VY is typed, "SAVE ON TAPE g"
is typed - save new wavelength table on SDRS tape. When table is saved,

"DONE!" is typed and SDRS is restarted.

NOTE: Wavelength 19100.00 is not a mistake. It is necessary for the
Wavelength Calibration System to work properly - never erase it. Make

sure you oniy enter wavelengths that are routinely used, and that ajl
wavelengths are correct, WaveTength 19100.00 should always be the last

wayelength entered in the table.
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A STEP BY STEP EXPLANATION OF NEW WAVELENGTH
CALIBRATION SYSTEM

TO ENTER: Type G; enter as in old system; Go to (1)
(1) INITIAL INPUT - Takes comparison scan numbers for finding comparison
line centroids. Teletype types "WAVELENGTH CALIBRATION"

a) CRT asks "WAVELENGTH CALIBRATION"
"SCAN # (+100 IF SKY)"

Enter scan number, adding 100 to the number if the number of Tines to
be found is Tess than 10. Right s1it is done first. When right slit
calibration coefficients are stored on tape, Teft slit is done. When all
Tines needed for a particular sl1it are found, type -1 here to exit to (4)

for <R> s1it; exit to (7) for <L> s1it. Note: Any number of scans can be

used any number of times to obtain the required number of lines for the
calibration,

(2) AUTOMATIC PEAK FINDING - Computer routine for identifying prominent

Tines in a spectrum (and sometimes also noise). When a Tine {or noise) is
identified, the first moment center of the line is found and stored. Any
line not found by this routine can be found by the MANUAL PKS routine (3).

a) CRT displays scan
CRT asks "TYPE -1 FOR MANUAL PKS:"
:-1: Go to MANUAL PKS subroutine (3)
: Hit RETURN: CRT displays scan again,
does some thinking, then types out

"<R> SLIT SCAN # =" scan #
{or <> )

"SCALE=" scale of CRT plot

CRT puts an arrow at the bottom of the center of each
place where it thinks there is a 1ine. Any noise or
unusable lines should be erased in (2b).

b) At the end of peak finding,
CRT asks "ERASE POINTS? (Y/N)"
: N : Return to (1a)
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Y : Joystick marker (JM) displayed.
Place vertical part of JM over arrow
pointing to line to be erased. Press
SS 3, 11 to erase. Erase all extraneous
lines and noise. Repeat as often as desired.
Press 3, 11 without moving JM to exit to {la).

(3) MANUAL PEAK FINDING - This routine finds Tine centroids individually

using JM. CRT asks "MANUAL PKS - HIT RETURN TO START:"

:Hit return when ready

CRT displays spectrum at a scale of 2.

a) CRT writes "SC=" current scale; then

b)

NOTE:

CRT asks "SC=:" type in new scale or -1 if scale is OK.
If -1 is typed, JM is displayed. CRT writes "MARK PK"
Mark the center of the 1ine (either emission or absorption)
to be found with vertical part of JM. Press 3, 11 to go on.

(to end program, press 3, 11 without moving JM - return to {la)).

Once peak is marked the T1ine is displayed on an expanded scale.

CRT writes "MARK CONTINUUM - SET SS 3, 6 FOR ABSORPTION"

{If 1ine is an emission Tine, do not set 3, 6; if line is in absorption
set 3, 6 to up position.) Mark continuum of Tine with horizontal

part of JM, making sure JM is not below (above for absorption line)
Tine bottom (top). Press 3, 11. A first moment fit is done to the
Tine, an arrow is placed at the approximate position of the 1ine
centroid.

Teletype writes "PK=" the channel numper of the center of the line
(to nearest .01 A),

Teletype asks "LA=:" Enter complete wavelength of 1ine to nearest .01
in Angstroms, or type -1 to reject the line.
Program goes back to (3a).

Once a line has a wavelength centered here, there is no need to reenter
wavelength for that slit. For the <> s1it, identify here all lines
not used in the <R> s1it calibration. If, for any reason (such as

SS 3, 6 set for an emission line!) centroid is not found, program
return to (3a) without printing "PK=" etc.
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(4) WAVELENGTH IDENTIFICATION - Wavelengths are matched to lines found
in subroutines (1) - (3); either five lines can be identified to enable
computer identification of the rest (via wavelength table}; or all lines
to be used can be identified; or any combination of these two main options.
Although this program is initially only used in <R> s1it calibration, it
can be also reached by using the <I> option of {5d} for either the <R> or
<> sTit. 1In section (4&), all scans to be used in the manual wavelength
1.D. are read from tape to disk. Then, in (4b) and (4c), these scans are
displayed on the CRT (one or two at a time) and Tines are identified by

hand.

a) CRT writes "WAVELENGTH ID"
"GIVE SCAN #S(-1 TO GO ON)"

CRT asks "SCAN#=:" Give scan number of the lines to be
matched with wavelengths. (Up to 6
scans can be stored on disk). Type
-1 to continue.

b) CRT writes "ID ALL NON-TABLE LINES"
"3 IN CENTER, 2 ON SIDES"

CRT asks "1ST SCAN#:" Enter scan number to be displayed
“2ND SCAN#(OR -1):" 2nd scan to be displayed.
Type -1 if only first scan
to be displayed. (CRT can
display one or two scans at
once).
NOTE: To assure a proper match-up of wavelength with peak by the automatic
routine; at least 3 lines with channel numbers 600-1400, one with channel
number less than 600, and one with channel number greater than 1400, must
be identified with a wavelength (A channel number is the position of the line
center). This is done to pin down the preliminary cubic fit curve. If the
automatic identification routine is not to be used, identify all desired

lines here. In addition, all lines not in your current wavelength table

must be identified in this program.
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c) M is displayed; wark the Tine to be given a wavelength with vertical
part of JM to identify line. When line center's channel number is
found by the computer, an asterisk is put where the Tine is. (If no
asterisk is put down; that particular Tine was not in disk storage,
and is therefore unusable.)

Teletype writes ® " (the channel number of 1line center)
Teletype asks "LA=:" Give the wavelength of the line to nearest .01 A.
Repeat this process until you are done with scan{s). Then press 3, 11
twice in a row without moving dM to exit.
CRT asks "MOREZ(Y/N):" Y Go to (4b)
N Go to (5)
(5) RESIDUALS FROM LINEAR FIT: A linear least squares fit is done to lines
in the center 800 channels.

a) CRT asks {on the bottom of displayed scan)

"AUTO LINE I D 2(y/N):"

: Y After fit is done to lines already identified, then
routine (7) will match up as many Tines as it can
with wavelengths from wavelength table (WI'). (For
the <R> dit, WT is pulied from SDRS tape; for the
<|> s1it, WT is comprised of lines used in <R> slit
"calibration)

: N Only those lines previously identified will be used

in linear and cubic fits.

b) The computer does a linear fit of LA (wavelength) vs.PK (Tine center)
for all lines in channels 600-1400. CRT displays residuals from
Tinear fit for all lines identified; residuals should appear as a
cubic curve. If the points don't form a cubic, type N in (5c).

c) CRT asks "OK? <YN>:" Here one can "Bail Out" into (bd). This
"~ option appears each time linear fit is done.

: Y Go to (6)
: N CRT gives two options
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d) CRT asks "<I> D OVER OR <E>RASE PTS?:"

» EiM is displayed. Place the vertical part of the JM
over the point of the curve to be erased. Repeat
as often as desired. When done press 3, 11 twice
without moving JM. .Go to {5b)

: I:Go to (4) and start over. Only those wavelengths
entered in manual peak finding program will still
be retained.

(6) CUBIC FIT TO RESIDUALS FROM LINEAR FIT

a) If : Y is typed in (5a), residua] points are displayed, no cubic
curve is shown. Go to (7)
b) If : N is typed in (5a) and everything is 0K, the residuals from

the linear fit are displayed, the cubic curve is shown. Go to (8a)

(7) AUTOMATIC LINE IDENTIFICATION: A1l the line centers stored are ordered
from Towest to highest. Then, for
a) <R> IGHT SLIT - The wavelength table on user's SDRS tape is used.
As many peaks are matched with wavelengths as
possible

b) <L>EFT SLIT -~ The wavelengths used in the right stit calibration
form the wavelength table for the left slit.

When program is done, it returns to (5b).

(8) FIFTH ORDER FIT, STORAGE OF COEFFICIENTS

a) CRT asks "5TH ORDER FIT? <Y/N>:"

: N Go to (8b)

* Y Computer does fifth order fit to the residuals from
the cubic fit; displays residual points, then the
attempted fifth order curve. If the data is not
sufficient, curve will go haywire and must be rejected

below,
CRT asks "OK?<VNDP
: Y Fifth order coefficients are retained. Go to (8b)

: N Fifth order coefficients are rejected. Only previoysly
found third order coefficients are kept. Go tq (8b}.
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NOTE: If fifth order fit is used in right s]it; Tt must also be used in
left s1it to avoid disasters in the SUM RAW DATA program.

b) Teletype writes “SAVE ON TAPE"
"<R> CALTB#" next calibration number
{or <i>)
"COEFF ARE:" Coefficients are typed out. Four are
typed if third order fit; six are typed
if fifth order fit,

If the calibration number is greater than 84, the teletype writes "FULL1"

and reinitializes the calibration number to 1. cCaution - old calibrations

will be written over. go to (9).

(9) RESIDUAL PRINTOUT: When it is done storing the calibration coefficients,

a) Teletype asks "RESID? <yN>:"
¢ N If right s1it was compieted, go to (1) to do the
left slit. If Jeft s1it was done, restarts SDRS.

: Y CRT displays residuals in humerical form in the
sense of (calc-real)x 100 in A, Teletype types out the
total sigma.

b) Teletype asks "RESID? <Y/N>:" again
If :Y is given this time, Teletype will write what CRT
displayed in (9a).
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BATCH FLUX

Use Batch Flux for two or more scans with the same standard star, or
same response qurvg,ggg the same A(@).

Mostly this bypasses having to shift the fluxing curves to )(f) for each
scan. It does it once at the beginning, and then it is done.

Furthermore it relieves one of having to contimuously give instructions
for the next scan number, where to save it, etc. It is similar in operation
to "Batch Scrunch",

A table is typed out as it fluxes, giving the scan number, and the
"flux scale", ie, the power of 10.

Two CRT plots occur for each scan fluxed: an original plot, and a

fluxed result. To further save time, one or both of these plots may be

bypassed. It saves time of going to the plot program and back again.

SW 3,7 Bypass verification and store results on tape.
3,6 Bypass 1st plot: original
3,5 Bypass 2nd plot: fluxed scan.

3,4 Bypass-table of System A standards.

1998 }M) i
Wtk
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