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Effective Date: 4-1-88
(GMT 92:23:00 )

IUE Data Reduction
XXXV. Implementation of New Dispersion Constants

On April 1, 1988 (GMTI 92:23:00) updated dispersion constants and
correlation coefficients were implemented in production processing at
Goddard Space Flight Center for the long wavelength prime (IWP), 1long
wavelength redundant (IWR), and short wavelength prime (SWP) cameras.
These files replace those originally implemented on June 20, 1984.

The new calibration files were primarily implemented to update
the second-order time corrections used for low dispersion IMR and SWP
spectra. The previous time correction resulted in a systematic
wavelength error that has gradually increased in magnitude since 1984.
WAVECAL spectra obtained in the fall of 1987 showed that the low
dispersion wavelength assignments had become approximately 2.5
angstroms too low for SWP and approximately 5 angstroms too high for
IMWR. High dispersion wavelength assignments appeared to have smaller
systematic errors which were approximately 5 km/sec too high for IMR
and 3 km/sec too high for SWP.

Table 1 shows statistics for the new dispersion constants and
standard deviations before and after the corrections are applied.
Table 2 1lists the actual dispersion constants and correlation
coefficients as implemented on the effective date shown above. The
dispersion constants (A and B) given in Table 2 relate the wavelength
in angstroms (W) and the order number (M) to the line (L) and sample
(S) pixel location in geometrically-correct space by the following
expression:

S = Al + A2MW + A3(MW)**2 + A4AM + ASW + AGWIM)**2 + ATM(W)**2
L = Bl + B2W + B3(MW)**2 + B4M + B5W + B6WM) **2 + B7TM(W)**2

For low dispersion (m=1) only the first two terms are used.

Shifts in the location of the spectral format as a function of
temperature and time are compensated for using the terms W(S) and W(L)
which are added to the A1 and Bl terms, respectively. These are
computed from the relations

W =Wl + W2T + W3t + W4t**2
where
T = head amplifier temperature (C) and
t = number of days since January 1, 1978.
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The correlation coefficients W are defined such that the mean
time and temperature correspond to a correction of zero. For the IWP
camera W3 = 0 and W4 = O, since no time correction is applied.
Results of a study to compare various correlations using time and
temperature are shown in table 3. The numbers represent the total RMS
scatter for the various corrections to the mean dispersion constants.
It can be seen that the 2nd order time correction reduced the standard
deviations for the MR and SWP cameras but not for the LWP.

The errors described above and the improvement found wusing the
new dispersion relations are shown in the plots below. The plots
basically represent the scatter in the position of a particular
wavelength assignment (about the mean) as a function of time. The ’x’
symbols represent wavelength positions that were derived from
dispersion relations generated from WAVECAL images (i.e. Pt-Ne lamp
plus TFLOOD exposures) that have been obtained approximately every two
weeks since launch, and are shown in a coordinate system which runs
along and perpendicular to the dispersion direction. The '+’ symbols
connected by a jagged 1line represent the same positions minus a
correction for spacecraft temperature (THDA). The curved line
represents the additional 2nd-order correction for time. (Note for
the IWP plots just a 1st-order time correction is shown.) The
temperature and time corrections were derived from correlations using
the data points designated by the ’+° symbols. An error in the
correlations is evident when the smooth curve (time correction) does
not correspond to the jagged line (difference between the raw data
points and the temperature correction).

Figures 1 through 6 show how the previous dispersion relations
model the wavelength assigmnments for recent WAVECAL images for each
camera and dispersion. As seen in the low dispersion IWR and SWP
plots (figures 2 and 3), the smooth line deviates from the jagged line
starting around 1984 (i.e., 2190 days since 1/1/78), indicating that a
systematic error was introduced that has increased with time. Tests
on spectra obtained in December 1987 verified the magnitude of these
errors in low dispersion. No systematic errors are seen in the IWP
plots.

Figures 7 through 12 show the same type of data as in figures 1
through 6 wusing the updated dispersion relations and correlation
coefficients. As shown, the time correction no 1longer introduces a
systematic error in the wavelength assignments for the IWR and SWP
images (figures 8 and 9). The plot for low dispersion IWP (figure 7)
shows a small possible time dependence amounting to a correction of
about .15 pixels/year. Since the dependence is so small however, it
was decided to continue applying only a correction for temperature in
production processing.

Figures 13 to 18 show the difference in the predicted positions
of the Pt-Ne lines, for each camera and dispersion, using the old and
new mean dispersion relations. The diamond-shaped symbols represent
the positions predicted by the old dispersion relations and the scaled
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vectors point to the positions determined by the new relations. The
difference is mainly due to the shift in the location of the spectral
format as a function of time. It can be seen that the shift is
basically independent of wavelength and dispersion mode.

A more complete description of the wavelength errors and a

possible correction algorithm for 1low dispersion spectra obtained
between 1984 and 1988 is planned for the next IUE Newsletter.
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Low
No. of D.C. 125
Mean time 9/27/84
Start 6/16/80
End 8/10/87
Mean THDA(°C) 9.2
Lowest 6.2
Highest 13.8
Slape (DL/DS) -.8594
"Plate" Scale 2.644
(pixel-l)
Raw scatter (1 in pixels)
Parallel .39
Perpendicular .66

Scatter after correction

Parallel .29
Perpendicular .39

* average slope for order

Table 1

Dispersion Constant Statistics

LWP

High

124
11/15/84
6/16/80
8/10/87

9.5

6.2

4.2

1.20%

7.22 km/sec

.70
.38

[THDA only]

.36
.22

100

LWR
Low High
149 147
10/20/82 11/13/82
7/16/78 10/1/78
10/21/87 10/21/87
13.3 13.6
8.8 9.5
18.3 18.3
.7466 -1.38*%
2.65A 7.23 km/sec
.36 1.49
1.76 32

[THDA & 2nd order time]

.29 .42
.42 .25

Low
181
4/30/83

10/1/78
8/10/87
8.9
5.1
13.2
- .8061
1.674

.99

.23
.30

Swp

High
183
4/16/83
9/12/78
8/10/87
9.0
5.1
13.2
1.28*
7.70 km/sec

.55

.26
.15
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Table 2. Coefficients Defining the Dispersion Relations For

DYISPERSTAN CANITANTS

Al
AR
A3
Ay
A=
As
A7

81
B2
83
B4
B85
B4
87

L AP me

1e046761751474290E 03
=2+R68001172699011F =01

«2.71973n91~R26736E 07
2e464R17837517009E=01

CARRELATI®N CREZFFITIENTS

W1(S)
Wz2(s)
W3(S)
Wi (S)

Wi((p)
Wz (L)
Wa(L)
Wy (L)

~R47913%171A728210FE~01
9e590(CP0716491699E =07

=3.802341270446777E 00
3+814837932586670E=01

The Smll Aperture (1 of 2)

LWwR | oW

*2.9966R29722R40309E 0P
3ePPRRARIRTLL4I4BF =y

=D eb4354233IR4726135 0P
2ePRTIDNRA92ITIBRT7TE=1

B5¢767917632056641F 00
“2¢43698A39R5317078E=01
~24156956%324461579E=03

3014413851 752105E=07

“R4¢R896263312255R8594E 0n
447889%5723R197327E~01
2e0R224A71n2R8525F =03

“P2eRIKONAIIPRR27188FE =07

SwWwh LAW

9.R42537704680175F 07
=L 66607954P464260E-01

~24630561357770229E 02
3e761477738077073E=01

“4.013411521911621E 00
~8+.571829644825790E=03
3+1698622RN461149E=0R
~4 454670374798297F=07

=2+:0383172911987305%E 00
1e4R46182N4718445E=01
7 PR5187020897865FE =04

=1.49908n767961307E=07
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Table 2.

DISPERSIAN CHNGTANTS

LwD HMY3H

4+8036570072963457E 03
"1+6447R85337005490E~01
6¢417917757320172E=07
1¢765972723959533E 01
4e2938236RAT82681E=0
=7+61087034n777773E=05
*3eNR663R47872316E=04

1¢707191 128477559 03
=1¢524320940545044E=01
6¢232834317562505E=07
1e862659356576p63E=01
3¢133576774038163E=0)1
~7+36983891598169885E=07
=2+8977389K87325312E~07

CORRELATIAON CBEFFYICIENTS

W1(S)
W2(s)
wW3(sg)
Wy(s)

WiL)
Wa(Ll)
W3(L)
Wy (L)

"B.97956R4R1 445313E=01
9507 745504379272E=02

=4 e343306541442871E 0On
4e8R9727520942688E~01

The Small Aperture (2 of 2)

Lwe HdrGH

=4¢69213970n079863F 0R
1456544391 1803308=01
“5¢4R8688931n991500FE~07
44210961364595948E=02
20794913241 835652E=01
=1+235485019355905E=07
1e001362711452285E=07

1874206920 842957E 04
"2+ A03U45285~1142334E~0)1
9¢140342987564078E=07
6008278 4971102065E=07
2+25587704n558232E=01
*1+302664A03N513332E=08
6+BRELIRTPR2E6127F =09

5+82289n281677246F 00
=2+920082707540894E =01
=1«B5R060900R663853E=017

2039914470%5123035E=07

=8+799000740n051270E 00
5.368530154228210F~01
1+17108738049B648E=03

“1e4447903140853538E=07

Coefficients Defining the Dispersion Relations For

SuWp Wr1GH

1e631454A4182275R9E o
=1{+6596797777258735=01
12511790 72284586F =06
10431417433419938F =01
4o 4s56A1RIF1605544E =01
=1+016R2R519840550E=04
=1e557853R090 05168007

=7.235787738562120% 0%
=1e170159622288736F =01
10217838534619693E=04
=1¢218764071519810E=01
3+905721994031134FE- 01
Be320912742277709E=07
*1¢13331°344675460E=07

=3.485797882080078E 0n
5.037758871912956E=0p
2e452185n452882051E=03
~3+68194321°5412285=07

=3.24813A024475098E 00
2+289363741874695E=01
9,473056132696095F=04

=1.4199344666025023E=07



Table 3.

Total* RMS Scatter (1 o in pixels) for Various
Corrections to the Mean Dispersion Constants

HIGH DISPERSION

LWP
Raw Scatter 0.79
1st Order THDA 0.42
lst Order Time 0.78
THDA & Time 0.41
THDA & 2nd order Time 0.41
No. of Points 124

Mean Time (1 = 1/1/78) 2510

LOW DISPERSION

LwP
Raw Scatter 0.77
lst Order THDA 0.48
lst Order Time 0.72
THDA & Time 0.43
THDA & 2nd order Time 0.43
No. of Points 125

Mean Time (1 = 1/1/78) 2461

1.52
0.99
1.15
0.53
0.49
147

1777

LWR

1.79
1.48
1.13
0.61
0.51
149

1754

* Perpendicular and parallel components combined.

114

SWP

1.30
1.09
0.59
0.43
0.30
183

1931

SWP

1.52
1.42
0.59
0.53
0.38
181

1945

M1
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Figure 2

01d Low Dispersion
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Figure 7
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New High Dispersion
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