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blue side of the July 19 wvacuum data va. +he resiﬂuﬁla uf‘fhe o

July 13 vacuum data shows a very strong dnrrelation‘(n = 0. Qlﬁ}ﬁ- S

see Figure 6.1-8). S8ince this

four different blue spectra taken with two differant gratingaff'“"

and at two differant FOS operating tamperaturas.

spacing of the diode elements may be the source of the syatematicf o

" errors at the faw nicron lavel.

Changes in the dispersion relations due to the use of all.:-“;”

apertures other than the A4 lower will
6.3,

5.2 Internal to External Offeat
=2a=2hE. TD EXternal Offget

Any systematic wavalen&th shifts betWean 1nterna1 and axter—'?fﬁ‘

nal sources were found to be unmeasurably small at less than 0 osi‘iﬁl

of & diode (or 2.5 microna),

When obeerving axtended sources such asm galaxies und nebulae oED
which f£il1 the FOS entrance aperture, the line profile will bea ]

function of the aperture size. We have characterized the 11ne

widthe for the ten

asystematic error ia praaent in R

non-unifnrm

be deterreq to Bection?ﬂ? o

entrance apartures on the red and the blua?r

‘Bidaa by measuring the FWHM of enission linea in apectra of an':"zev

external calibration source taken during the last ¥os thermal—}?ﬁ';l’;

- vacuum calibratien at Martin Marietta.

nihe"mWHM's-are~approximately~aquai*tu the aperture aize used:

in the observation.

The widths do not appear to varv whenﬁ

different gratinge are uesed, and the asymmetry for lines on ~thqﬂfﬂ
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Figure 5, 1-60

Scatter diagram of the residuals for the two in-
dependent vacuum data sets, blue detaector. The
cublc residuals (in pixels) from gratings H27 and
H40 from the July 19 data are plotted against the
cubic residuals from the July 13 data. Note the
very stxong correlation (R = ,915).
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edge of the diode array, as shown by a- ray frace abbedr{f;':  r
nagl.‘lgible. For the smallest apertura, 80% of the light in th’e"
line falls within a width of one diode. ' i

In general, the FWHM of emission lines for all aparturea are_,f'-'“';.--'_
Spproximately equel to the aperture size, for both the red and .

the blue tuba. There are, however, several excoptionu: to. this ;
rule,

about the width of a dicde, or O.Séq This holds for the ém&lEEn,;”
lest circular and squars apertures, as can be seen in Table; ffi
8.3-1, Second, circular apertures have smaller FWHM than thelr:“._‘_
equare counterparts because of the relative areas. This can ha;_=;s
seen by comparing the cifcular and aquare aparturea of oomparable S
size. Finally, the FWHM of lines taken with the largast aper—;;?l‘::;
ture are smaller than the aperture qiaé af 2, dq Ipateaguqﬁ-:f§ : )
being flat topped, these lines are eloping, which 1mp11éé;th§f;flj':cl

First, when an aperture is smaller than a diocde, the FWHM ia .- I

the illumination was nat evanly distributed ovér ‘the a’ntra’ﬁcé-" -

aperture. This is the most likely cause of the relativelv amall.'- l
FWHM for the 2.0 aperture. _ o L f;ffy:bffi
The widths of the amisasion l:lnes do not appear to depend onI
‘the grating used. For the - 0,28t aperture with the hlue tube, f.-"; I
FWHM has been measured for several gratings (K13, u19 H40, nsv,fa jf.
- L18, and L68) and the prism. Two of these cases (ma and. the l
' prism) have larger measured PWHM than expected from tha 0. aaﬁ'
' aperture size. 1In sach case, however, there are practiuallv no I
wall separated lines in the spectrum, so the larqer FWHM are vary I
likely due to the mixing of lines. |
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TABLE 5. 3w1
FOS LINE WIDTHS (FWHM) AS A PUNOTION OF APERTURE SIZE*

Pesdanation Size (V E13 (Blue) HBZ (Red)
0.30 SNG 0.8 (circular) 1,00 + .01 0.95 % ,02
0.50 SNG 0.6 (circular) 1,27 + .04 1.20 & .01
1.00 8NG 1,0 (circular) 2,29 1+ .02 2.23 + ,01
0,10 PAIR 0.10 (aquare) 0,987 + .03 0.92 + .02
0.28 PAIR 0.256 (squaras) 0.98 + .01 0.96 + .01
0.50 PAIR 0.50 (equare) 1,30 + .04 1.34 + ,02
1,00 PAIR 1,00 {aguare) 2,66 + ,02 2,71 + .02
0,26 X 2,0 0.256 x 2.0 (8lit) 0.99 % .01 0,96 % .01
0.70 x 2,0-BAR 0.70 x 2.0 1.83 % ,02 1,90 + ,01
2,0-BAR 2.0 8.28 + ,07 6.43 % .04

¥The FWHM are given in units of dlodes
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ASymmetry can be expected in line profiles for lines near 'thEE- o
edge of the diode array (see ST End to End Optical. Performanca:‘
Analysis, ST/SE-24, Section P, page 7-3). On close inspection uff=f'i‘

well separated lines near the diode array edge, it sppears that’

A ray trace of PFOS8 has shown that a certain amount 5# i -

this asymmetry may give a small contributinn to the broad, low. .

level wings, but has a negligible affect on the PWHM, o

The best present estimate of the percentage of light trnmv ff“

the 0. 1"aperture that falls into one Adlode is 60%.

In order to analytically characterize the extended wings 6f . .
the FOS line profiles, we have it a pseudo Voight !unction Itoif;IL:
the Hg 2537-A line profile (Blue side, aperturs A4, grating 327)":"
given by Sirk and Bohlin (1986 plot YAZ0322). The paeudo Vuight

2] } (5.3_.1 ): :. .f-

2 i ‘ S ‘::f
w= %+ (‘77+2(ln2)a"‘) ) (5.3=2) - . .

function is given by Equations (5.3-1 and 5,3- 2).

V(m.w)—ua[[l—-—]ew[ n2( 2% )] []

The quantity y, 18 the amplitude of the function (height of

the line), 7 is a parameter which characterizes the Lorentzihh_”

wings, ¢ is a paragetay which chnracterizes the Gaussian core,.

and z-z, 4is the distance from the line center in diodaa., m

the limit that ¥ goea to Zoro, the
Gaussian as given by BEquatieon 5.3-3.

G(z,0) = yo exp (——_(z - "’)2) | | ‘(.'s. :%-"3') "

204
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The parameters of a good fit +to the Hg 2637 3 line are
¢ = 0,30 and 7= 0,07, These parametars give values which are
within 28% of the observed line profile out to 20 diedes from the
iine center. The Hg 2837 A and Hg 5460 A line profiles are very
similar to one another, and the profiles of the same comparison
line on the red and blue sidee are quite similer. Oonseguently,
the pseudo Voight function with the abave parameaters can be used
as & first approximation for the (small aperture) Jline profile

evarywhere.
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6.0 PHOTOMETRIC CALIBRATION

6.1 Flat Field Maasgremqggg_ '

Tha P08 photocathodes have ﬁ granularity of lass than one
percent. Nine blemishes, with sensitivity variations gresater
than 8§ percent, were found on the red tube in reglons iiluminated
by aparture A3, The spatial extent of the blemishes in the
direction of the diode array range from aolto 250 micronse. Fol-
lowing the decision on whether or not to swap the red Diglaoon, a
more complete analysis of the data for all apertures will be
produced. ' .

Data analyzed in this report were obtained in air in August,
1984 using a tungeten continuum lamp as the calibration aource,
The FOS was used in the recommended substepping mode, where the
data wera gquarter stepped (XSTEPS = 4) and multiplexing over 6
diodes (OVRSCN = 5) used t6 reduce variatione due to the sensi~
tivities of the diocdes. Each observation contained foup indepen~
dent sampling of the saﬁe spectre (SLICES = 4), The data were
analyzed for the upper and lower 01 (1.0 argsec) apertures,
axcept for the prism on the red side where the A3 {C.25 arcsec)
aperture was used,

All data were corrected for diode nonlinearities (paired
pulse correction)f The counte in data pointe scanned by dead
dicdes were adjusted accordingly (i.e., nmultiplication of the
data value by 6/(number of good dicdes aﬁmpling the daéa). The
plote in Figures 6.1-1 through 6.1~8 show the corrected counts

for each slice. The upper three slices are offset incrementally
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by 10,000 counts. The bottom plots show the deviastion of the
spectral data from the continuum after sumnming all four slices,
The continuum was estimated by smoothing the data with a 25-point
median filter followed by a 15-point mean filter done twice,
Also shown are the deviations expected due to oounting statis-
tics. The plus and minue twe sigma levels are plotted, where
slgma is one over the square root of the counts in the continuum.
The photocathode X-position in all plots 1e in 50 micron units
(the separation between diodes). Since quarter setepping was
usad, the separaticn_batween data pointe ig 12.5 microns.
.Most of the deviation from the continuum is due to the
-oounting statistice. Regions where a large number of countes are
avaflable indicate the photocathode granularity is less than 1%
in both tubes. '
No blemishes were found in the blue tube and the following
blemishes (deviatione 5%) have been identified in the red tube.
H27 Cl1 upper
H2?7 Q1 lower
H§7 41 upper
H8T 01 lower

H78 01 upper
H78 01 lower

DN RND

Selected blemishes are shown in Figures 6.1-9 and 6.1-10. The
spatial extent of thé blemishes along the diode array range from
5O to 250 microne.'

During July and Auguet, 1984, a comprshensive set of flat
field data was taken for both datectors. Further analyeis of
these data is needed in the following areas:

1, A complete blemish analysis for all apertures.
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Determination of the flat field repeatabiiﬂy.
particularly at blemish locations. _
a. Analysis of the usefulness of the on=board Iflat
field lamps for determination of the photocathode

Pixel-to-pixel response and for mapping blemishes.

This laboratory calibration i essential for vad@ctiun'afj" 
flight data, because features in all aetronomical calibration-ﬁ,f

souces wil) complicate blemiah analysis, For apartures larger':

than 0.2 arceec, the avoidance of blemishas is espacially

tant. because lab calibration spectra are for fuil apertufe T

illumination, which differs from the vertical extent of the point o

sources to be observed in flight, A flat field analys;s'

required for all dispersers and all apertures, because eachg;”;:H

combinaticn illuminates the photocathode differently in position fﬁf

or extent perpendicular to the digpersion,

6.2 Absolutes Ingtrument Efficiency

A synopsie of recent measurements of the FOS absoluts -

spectrophotomatric efficiency in most of ite aptical

tions i= presented. These measuremente are comparéﬂ with-thoaés;.ll
predicted on the basis of earlier evaluations of the etficienciesfﬂii
©f the individual componentse: mirrorg, dlsperaers and filtera.;;

and the Digicon quantum efficiencies. Some evidence for deqrada-flﬁ'
tione in performance is present, although this ig not. demanded by B

the data, since discrepancies betwaen the predicted and measured‘;}'”

1mpor7;:fﬂ"{

contiguraf:;”

throughput are within estimates of the associated arrer. -Finnl;‘j(~




aatimates of the ogurrent: Fbs :hrcagh;uﬁ for each dispersar are
included,

6.2.1 Introdugtion _

We present a detalled summary of the relevant measuremsnte
which have been made to date in order to westimate the abeoclute
photometric efficiency of the FOS in its standard high and low
resolution spectrophotomatric modes. ‘The FO0S efficiency for
speotropolarimetry is discussed elsewhere., The determination of
the FOS guantum throughput efficiency (QT) is an indirect process
involving several sequential calibratione, each with assoclated
neasurement exror resulting from stﬁtiatieal rluctuationa, as
well ae systematic eoffects. While estimmtes of the statistical
unoertainties can be madebwith confidence, the degree to which
systematlo effects degrade the calibration is generally difficult
to estinate, wﬁera possible several independent measuremente of
the QT have therefore been made in ovder to Iincrease the
" confidence level and to provide indications of the extent to
which systematic errors affect the resulte.'

The QT has been determined in fwo saparate ways: 'end-to-'
end' calibration against previously oalibrated standard light
sources and from convolution of the individunlly measured effioi-
encles of the optical components and the detector quantum effici-
enclas (QE}., Thevtormer method involved the design, construc¥
tion, and absolute calibration of two devices called the Ambient
and the Vacuum Spéoe Tileacobo Optical Saimulaters (ASTOS and
VSTO8). These provide a means of illuminating tha FOS in g
manner similar to that of the 8T, with continuum and spectral
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which it ie sensitive (~ 1200 - 8500 A). The ASTOS and vsTOs - .

and their absoclute calibrations at the NBS are discusssed in

the next section and their applications to determine ros QTa areih‘iﬁ
described in Section 6.2.3. The individual component meagure_“f'" '
ments are briefly described 4in Section 6.2.4. An ané1y§1s °ﬁ§, f:‘
intercomparison of the calibration data are presented, folidwéd'f{:~”

by our final estimate of the actual FOS QT for each spectrophoto-'

metric mode in Section 6.2.5.

6.2.2 The Space Telescope Optical Simulators (STOS@)

Two separate devices were designed and constructed by MMDA
apecifically for the PoOS throughput measurements: the ambiantlll
STOS (ASTOS), for use in air at wavelengths above 2000 A,"aqd,:_‘
the vacuum STQS (VTOS), providing illuminatien saurces in- theltafj;;'.

ultravielet (FUV). Each wae calibrated at the NBS (at aeparataj.‘

faclilities) both before and after the FQS calibration to assure

thet significant changes did not occur in their apectrnl‘
irradiance at the FOS entrance aperture plane., or at loast permttfg?i*'
an sstimate of the uncertainties in the FO8 measurements due tof

such fluctuations. Description of each of theas devicea. thein'f:

calibration methods, and uncertainties in the irradiance detarmi-

nations are discussed separately for each STOS in the followinq"

sections.

6.2.2,1 The ASTOS

The ASTOS ie the simpler of the two simulators, consisting '
basically of a means of supporting a light source in front of ‘all

Barium sulfate coated diffusing acreen situated at an.qppropriétéf""
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distance from the FO0S entrance apertures. A circular aperture
with a central occulting disk 1s positioned s0 as to 1limit the
80114 angle of diffusing screen sean by the FOS to an f£/34 beam
with 14X obscuration, mimicking the BT. Rither a 1000W tungeten
'FEL' lamp or a gamma scientific deuterium lanp may be used to
cover the spectral region from 2000 to 8500 R. A more detailed

desoription of the ASTOS may be found in Appendix A,

6.2,2.2 ASTOS Calibration
6.2,2.2.1 Method

The ASTOS was oalibrated in December 1982 and September 1984
at the FASOAL facility at +the NBS in Gaithersburg, MD, by Mr.
Jamea Walker under the auwepices of Mr. Denald McSparron. The
same methods were employed "for both calibrations although some
improvements in automatic data aoquisition capability were made
in the interim. The calibrations were performed in two parts:
above 3000 i. the ASTOS epectral irradiance with each of twe FEL
lamps installed was measured directly by comparison with a !'shelf
standard' PFRL Jlamp who;e irradiance had been previously
calibrated against a black body source. The ASTOS irradiance was
too weak belaw 3000 ﬁ for agourate measurement in this configura-
tion, which employe an 1ntegrat1hg sphere in front of the
monochromator entrance glit, so for shorter wavelengths (inclu-
ding all of the D, lamp measurements), the ASTOS radiance was
measured and the irradiance calculated from the geometry, The
irradiance calculated in thie way was found te agree to within
“2% with the direct Iirradiance measured at 4000 A. The same

special power supply was used, without adjustment, for each of
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the D2 lamp measurements, so the lamp opafating current was pre--j:
sumably constant throughout the calibration period, The FEL fﬂ
lemps were operated nominally at 8.000 Amps, but -becaﬁse of L

several fallures of the Optronics power wmupply requiring the uae;-'

of alternate supplies and the use of several ditterent ‘shunts and

voltmeters to determine the lamp current, there exists an_uncgr-' .
tainty of about 10 mA in the operating .current durinéﬁvariQupf"fﬂ
phases of the calibration. The September 1984 NBS*'oﬁllbrations;j”
were performed at 6.010 A, eince this is the current produced bﬁij
the supply at the setting used for tha FOS calibrations (aa{ﬂf:.
measured by the NBS), and is most probably raprasentative of the o
actual lamp current during the August FOS APC maasurements Thé. J

difference in irradiance between these two operating currentsf'#
amounts to at most 2% at the ahorteot wavelengths uaed and is ]
typically <1%, a small fraction of the estimated uncertainty 1n"'.
the ASTOS calibration., Details of the meaaurementa and thef: f”
technigues whereby the ASTOS wae aligned with the mpnochromgtor‘f”fx

are given in the NBS Report of Calibration., in Appendix C of this?ff-'

report.

6.2.2,.2.2 NBS Results

The measured ASTOS irradlances are &lso included. 1n AppendixJ _
C. The results of interest are those for the FEL lanpe @si79 andi};'f
GS180, and D, lamp DL116, each with diffuser #2, since thaase are:.f'
the components used for actual FOS absolute photometric caiibra--.
tion APC measurements. The agreament between the 1882 and 1984 l::-
FEL lamp calibrations 1is excellent; discrepancies -are typ:cally-

-leas than 2% for 65179 and 4% for GS180, and well-‘within -tpe'*-
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stated uncertainties which range between 8% and 8%, This agree-

ment extends over <the entire wavelength range from 2800 to
9
8500 A,

The agresment for the D, lamps is not nearly mo good, parti-
cularly at short wavelengths, An investigation into the cause of
the disorepancies led to the discovery of an error in the tech-
nique used to calibrate the radiance standard at short wave-
lengths, invelving incorrect dark ourrent subtraction, and the
realization that at 2000 A hpproximately 9b6% of the signal is due
to scattered light. The former difficulty was corrected with a
caraful recalibration of the standard, but the scattered Iight
problem caused the estimated uncertainty at 2000 i to be raisad
to a factor of 9, at 2100 A to +80%, and at 2500 4 to 4%,
These revised uncertainties still do not account for wall of the
discrepancy between 1982 and 1964 oalibrations, and we suspact
that the lamp may suffer variations in Intensity and/or Qpectral
distribution,

6.2.2.9 The V8T0S
6.2,2,8.1 Dpeaign

The vacuum STOS is a more intricate device than the ASTOS,
since it muat be capable of repeatadly positioning a number of
light aources (the FUV sources tend to ocover o falrly limited
wavelength range) in such a manner as to properly simulate the
illumination frem ST, while operating in a vacuum chambey.
This ie accomplished by a matorized carousel which carries the
following lamps: two Pt-~Or-Ne hollew cathode lamps (of the same
type used on board the FOS for wavelsngth calibration, but with
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flat MgF

& Quantatec Krypton dimer lamp, a Quantatec hydrogen. lamp, Anﬂiﬁ;leJ”
Resonance, Ltd. argon dimer lamp, The latter -thjaglgﬁrgﬁideb:ug-
smooth continuum spectral distributions, while the hollow éathodélj”;.“

lampe, one of which has a MgF, diffuser (8 microns Eprfécﬁ fouéhﬁxifff
‘n,ss. one elde) installed over its windpw,'provide'gpgatrgl 11neé,.fui,
- which span the entire wavelength range of interest., 'The source]?ﬂv,

volume of the selected lamp 1is imaged by a smali} 1nverted;

Cassegrain telescope, with MnglAl

ocbecuration ragio matching 8T, onto the FOS entrance apartures'j
with an £/24 beam. A motorized polarizer which can efticientlv”'.
plane-polarize the beam at a range of angles in 22.5 degree steps .__
is also included. The carousel and polarizer are. actuated by:ﬂ:'i

means of a special contrel box. A more detailed deacription off3

the VSTOS may be found in Appendix B,

~6.2.2.3,2 VSTOS Perfogmagce

Because of the focused nature of the VSTOS bean and the f?{:
fairly sasmall size of the lamp images, it ig 1nharent1v3:i'
susceptible to producing variations in the flux aeen by the F08 f‘:
as a resuit of carousel non-repeatabillty, misuliqnment with theV7hl
POS, and lamp source volume migration, Theee~poasible souibesfbfjxﬂ;}
error in the FOS APC are exacerbated by the nonuniform. somutimesﬁﬁf;
highly asymmetrical, spatial flux dietribution ‘of the’ vsmosf{f?
images: furthermore, this distribution was found to have stroanll
wavelength dépendence for some lamps. Not auzprieingly, the fluxi”g*ﬁ’
levels were also found to vary. ﬂﬂpﬂclaily for the coatinuumlﬁf

lamps, and the degree of variability 15 also depandent on: wnva-f'”*
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length. Some evidence exists that the rate of variation may be
dependent on the lamp use duty~cycle. Some of these difficulties
were not apparent at the outset, but were discovered while the
APC was in progress, Neverthelese, we belleve that a useful
calibration of the FOS blue side UV efficiency has been obtained
with the V8TOS by careful alignments and Judicious choice of
data, based on measurements and estimates of the degree to which
these deleterious éffects oparate,

6.2,2.3,2.1 Carousel Repeatability

For the reasons stated above, the VSTOS lamp ocarousel must
be capable of very accurately and repeatably positioning . the
lamps on the axie of the imaging optice. Tests have shown that
the carousal is quite raéeatable 1f undisturbed and 4if the
multiple lamp power cables, which must be free to rotate with the
carousel, are ocarefully .draped. 80 &8 noet to bind or cause
axceseive torque., This haes been possihla in practice throughout
the ocalibrations prooedureg, although some difficulty was encoun-
tered with proper actuation of the reset fiducial switch., Small
changes in wheel balance and cable-induced torgque ocould change
the stepper motor phmse at which this awitch was actuated,
causing each Jlamp to be poaitioned one moter step off axis
thereafter. Since one motor step moves the lamp image by a
aignificant fraction of its width, a means of mitigating this
sensitivity had <to be devised. This took the form of an LED on
the control panel to indicate when the correct motor phase had
heen achieved at reset (added during the May 1984 NBS ocalibra-
tion) and the addition of single step oontrol of the carousel
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(tnetalled 8t MMDA prior to the FOS vacuum calibratian in Julyff”'h

1984: T/V 3), The carousel ia also susceptible to a misphasing S

- 12 1t is manually rotated by one or more turne trom the oriantafv' o

tion in which it was aligned. This ie bacauee the qédr ratlo 7w97

betwean stepper motor pinjon and carousel gear does not provideﬂ""v

an integral number of motor steps per carousesl revolution.. Oare _:JT

was generally taken in this regard, but evidence exists that suohﬂi',_‘

a misphasing occurred when the VSTOS was mounted and aliqned with:f"'n

the FOS just prior to T/V 3, Single step mapping of the . lampfiV'

images with the FOS showed that the image centers Were approxi-fﬁ}.5f

mately one step off of the nominal position. cnlibration dataf5“"

Were subsequently obtained by single-stepping each lump to 1te;f.ff“

approximate image center.

6.2.2.3,2,2 spatial Distribution of me:Fhm .

The image of each of the five VBTOS lampe was carefully.

mapped with a silicon detector when the lamps were 1nitia11yl

aligned prior to the tirst NBS calibration. The detuctor windbwﬂfiﬁ:'

was coated with sodium salicylate to enhance its Uv responee. 'Iﬂbi':i'

general, the light distribution in the images was found to bé'5f:ﬁ

fairly symmetrical and broead encugh that rensonable care. 1n~:gfﬂ

alignment would yield a satisfactory calibration. Attarl the ..

addition of the carougel single-step capabllity, we ware able to.-"

‘map the images in the POV (during T/V 3), These data demonfii'uﬁ

strated that, especially for the argon lamp, the guv f;ux: ’x

- distribution’ is markedly different from that in, the visibla' -

and near Uv, indicating that thesge emissions are produced 1n RS

different regions of the lamp. The argon FUV image wqa foupd Cto

-124~




be ¢rossly asymmetric and diap;aced from the center of the image
at longer wavelengths. The Kr lamp also exhibited an puv flux
distribution differvent from that in the visible. More detailed
UV mapping in both vertical and horizontal axes was performed
during the NBS recalibration of the VS8TOS8; the results are shown
in Plgurs 6.2.2.9,2-1., The hollow'cathode lamps have no cbvious
wavelength dependence in this regard (as expected) and the
diffused laﬁﬁ-hae & very broad distribution, making it particu~
larly insensitive to alignment errors,
6.2.2.4 YSTOS Oalibration

The VSTCS was calibrated at the NBS by & team consisting
primarily of Drs. Jules Z. Klowe (NBS), Merv Bridges.(NBS),
deorge Hartig (878¢I) und‘ﬁr. Elder Constable and Mr. William
Miles (MMDA). The consultation services of Dr, Henry Kostkowski
were also employed. Separate calibrations were performed in late
May and early August 1954; bracketing the FOS T/V 3 APQ. l

6.2.2.4.2 The 8 v i on ate

The apparatus uased for VSTOS calibration consiste of a one
meter Beya-Namioka vacuum UV monochromator with 1200 gr/mm con-
cave grating, an EMR 641F-00~18 CsTe cathode photomultipliaer tube
(operated at 1900V), a picocammeter, and chart recorder. Thie
wase used to compare the speotral irradiances of the VSTOS with
‘argon arc sources of known irradiance in the wavelength range
from 1200 to 3000 A, There exists a fundamental mismatch
between these sources however: -the VSTOS produces an £/24 beam
with 34% (diametrical) obsouration, while the argon arc sources

provide much more collimated beans , Futhermore, the monochro-
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mator grating was found to be masked such that it would not
acoept the full VSTOS beam. A new mask was made to alleviate
this problem, but it wae later discovered that the high degree
of astigmatiem of the Seya mounting, combined with the small
("9.6 mm diameter) active area of the PMT photocatheds, affec~
tively limited the beam to about £/30, A Eareful mapping of the
relative responee of the monochromator at a varlety of wave=-
lengths wae thue required in order to properly compensate for the
partial beam loss and non-uniformities in grating and photo-
cathode afficiancv.”‘We hote that this method represents a depar-
ture_from the standard method for irradiance oalibration, in
whioh a diffuser is placed behind the monochromator entrance
aperture to avoid beam mismatch problems; however, the VSTOS flux
levele, especially at short wavelengths, precluded this approach
and necessitated the mapping,
6.2.2.4.2 calibration of the NBS Monochromstor

The NBS monochromator wae calibrated (PMT ourrent out vs,
spectral irradiance incident on ite entrance aperture} in June-
July 1984, following the May 1984 V9T0S measurements and again in
Auguet, immediately rollowiqg the VSTO0S recalibrations. Measure-
ments were made with both 0.6 and 1.0 mm circular sntrance aper-
tures, with 0.8 apd 1.8 mm exit welit widths, respactively,
matching the configuration used for the VSTDS. The 1 mm aperture
remained fixed to the entrance elits of the monochromator
throﬁghout the May-August calibration period to eliminate
posaible errora (due to system nonuniformities) that might arise

it its registration were altered. The 0.5 mm aperture, when
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required, was registerad as well as poooible with’ the aia of a f:
heedle, with the center of the 1 mm apertura, .
6.2.2.4.2.1 Method - ' L
The calibration wag performed, from 2000 to 3100 3. ‘witﬁ: .
&n argon mini-arc, designated 'NBS=5"', which had beon previouslyi?ﬂlv.
calibrated as an irradiance standard (in Maroh 1883) aqoinst an
Argon maxi-arc radiance standard following the metﬁod described]1'”:
by Ott, Bridges, and Klose (1980). Brietly, the known relativefﬂ:ﬁf-
spectral flux distribution of the radiance oource is used to R
'oolihrato, on a relative s#cale, the irradiance of the minihorc.:ffi:”
This ie put on an absolute scale by comparison with a fundefoh‘;rL“
halogen !'PEL!' ~lamp (designated 'F-66') calibrateg -1f§ad;onoo_
geurce, at the longer wavelengths, since the geomatrie.faotoré' _
involved should be independent of wavelangth. The- minl?arc' wah?'ﬂ'a
‘not calibrated below 2000 R. and since the maxi-arc has aubstan-oiifv“
tially greatar flux {(required for accurate calibration at tho-iﬁsz
shortest wavelengths), 'MAXI I' was uaed for oolibration bolowxrf!l
2000 R. The same method was employed, i,s,, its knawn spootrai,ﬂ .
radiance was converted te irradiance at the mnnochromatorlwfﬁ;f
entrance slit by comparison with the NBS-5 mini-arc in tho reqion;lui;f
of overlap (above 2000 A). The original maxi-arc rndiance cali-xx'_
bration was performed by comparison with .a hydroqen arc whooe:;iiff
radlance is calculable (ott, Behringer, and Gieres 1975 and-Otttvi‘

Fleffe-Prevost, and Wiese 1973y,

In each case, the MgF, window used to isolate ;ﬁoJVSTosffﬁfﬁh

_vVacuum chamber (and therefore in the VETO8 beam duging: ;to;-ﬁ

measurements) was placed between the arc and the entrance apey- =
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ture. A cursory mapping of this window, made by moving it around
in the (narrow) maxi-arc bsam, indicated that iia transmittance
was quite uniform, mso beam eize and window position considera-
tions are insignificant, The voliume between this window and the
nonochromator entrance 'part aggembly window (alsp Mgre) was
flushed with argon during all calibraticn measurements, and oare
wae taken to assure that no volume of trapped ailr was present in
the lamp/window configurations. (Thie was a problem in cur fipst
attempts to perform the calibration,) -
6.2,2.4.2,2 Mapping

Bacause of the mismatch between the narrow arc beam and the
£/24 VSTOS beam, the responee of the monochromator at various
incidence angles (relative to that on-axis) had to be mapped out.
This was accomplished by mounting the mexi-arc on a special
fixture, so that it could be rotatad horizontally about a point
directly beneath the entrance aperture, while jack merews could
be turned to do the same 19 the vertical direotion. Mapping was
parformed over the approximately $1.2 degrée anglee of incidence
that define an £/24 bean. Fairly strong wavelength dependence
was found, so the mapping wae wundertaken at 10 wavalengths
covering the 1200-3000 R range. Relatively small variations
oocurred as the beam was moved horizontally, but strong depan=-
dence on vertacalvangle was avident, Thils is interpreted as
evidence that the grating efficiency is falirly uniform, but the
PMT photocathode respones varies markedly as the image is moved
up and down alohg the monochromator exit slit, Mapping was

performed only along the axes (whioh intersect at the monochro-~
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mator optical axis), the efficiency at other points in the baamU '_
was assumed to be sufficiently well represented by the product of.'l““
the efficiencies at corresponding points on the axes. Than,‘°; '
assuming a perfectly uniform distribution of flux 1n the VBTos”

beam, the monochromator response to its f/24, centrally nbscuredr
beam was calculated relative to the maxi-arc beam on-axis, Thiai{l
result, shown in Figure 6.2,2.4.2-1, was then applsnd to the?:f,.

monochromator calibration to estimate 1ts true raspongg to thq

VSTOS beam.

6.2.2.4.2.3 cCcalibration Uncertainties

The signal levels involved for all of the argon érc-calibr£4%.i-
tions are high enough that asystem noise ié eseentially qegl;g4¥ " _
ble, and statistical uncertainties are dominated by our db111t§ Qf;f
to read the chart recordings; typical accuracy is +2%. The Nstf"‘
quoted uncertainty in the absolute raaignce calibration of thé?
MAXI-I arc ranges from +8% above 1800 A, degrading to +10% af?'i
shorter wavelengths, whaere the econtinuum 1is cohgaminated-by,”' )
variable emission lines. The absolute irradiance of the an—ai'ﬁfv
mini-arc is known to within 6% over the interval 2000-3200 A; m-“""
dependent measurements of the arc irradiance in August 1983 andfT.
‘March 1983 agree to within 22%. “Systematic errors in the- mono~'”ﬁ;*

chromator calibration may also be important, but are difficult tojf."'

estimate, Some possible sources of such errors ara:
1. Misalignment of the arc with thg monochrnqago; ’
axis. The mapping of the response allows us .to .
make an estimate of the error due to angular mig-’

alignment; estimating that naximum poasible sucﬁ
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alignment error 1s less than +.1°, the uncertainty '

is +4%. The arc source beams are narrow and ﬂaaiw

1y collinated, so they must be well centered on

the entrance aparture; howevar, care was taken to
maxinize the signal (by effect) so this source of
error becomes minimal.

Non-linearity of the PMT, Picoammetayr, 6;‘ charg
récorder. The latter two inetruments have been

calibrated, and we expect error contributions of

<2%. ' PMT nonlinearity is also unlikely to be a -

major (>2%) error source at the currents wused for
these measurements, since the ratio of the 0.5 mm/

0.8 mm and 1.0 mm/1.8 mm entrance/exit slit combi~

nations remained constant over a wide ranqe_bﬁ'PMT,

currents and were the same for both mini~ &nd

maxi-arcs,

Improper registration of the 0.5 mm entrarce aper-

ture pinholes., As mentioned above, the 1 mm aper-

ture remained in piace throughout the calibratiph.

but the 0.6 mm pinhole had to be removed and re-

placed on numeious Occasions, If improperly .

Placed (it was taped over thﬁ 1 mm pinholes),
some of its area might be occulted (once 4t uiib—
ped causing an obvious measurement discrepancyl)

The ratio between measurements in the small and

large aperture configuration is Just that expocted

. from the relative fperture areas and the gepectral_‘
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resolutions, so we deduce that this is noet a real
exrror source,

Are fluctuations. The NBS-5 arec appeared to be
very stable and repeatable throughout the measure-
ments, There is some evidence, however, that the
MAXI-I sarc suffered some instability and varia-
tione in its spaectral distributions. In +the
region of overlap between NBS-5 and MAXI-I oali-
bration spactra, we expect to be able to derive
& wavelength independent ratio that can bea used
to scale the known MAXI-I spectral radiance to
irradiance at the aentrance aperture., This Pfactor
was found to have & wavelength dependence in the
sanse that "8% more flux than expacted from MAXI-T
ococurs at the longest wavelengthe in the August
data. Also, the ratio between the small and large
aperture configurations is constant (and. nominal)
at long wavelengths, but shows an inorease balow
~ 1600 A (more flux eeen through the emall aper-
ture than expected) possibly indicating a change
in spectral disﬁribution between ‘theme two runs.
The maxirarc also showed visible and audibie signe
of instability. For these reasons, we asuspect
that some aystaﬁatic error may bas prasent in the
moncchromator calibration below 2000 3, but have
no means of estimating its severity, Comparison

of the June/July measurements with the August data
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is precluded because the monochromator: bnfranbe
port window was changed in the interim (resultinq
in a factor of 18 improvement in throughput at.
1280 A1), o
Our best estimate of the monochromator calibrafion‘uncef%:
tainty may be summarized as follows: | ‘
1, Above 2000 K. whaere the calipration is re;iﬁnt

only on the NBS-& arc, the measurement upcartain¥

ties are +6%,

2. Below 2000 i. this accuracy degrades with decreas-

ing wavelengthe, to ~$10% at 1600 A and $18% at .
1260 &,

NBS Svetem

A special vacuum chamber was provided by MMDA for the pﬁpf'_

6.2.2.4.3 YSTOS Configuration and Alignment with @ -

pose of VSTOS calibration. The chambar; punped by an’  array of?v
four sorption pumpe and a CTI cyropump, was equipped with fegd;:ﬂ_:i
throughs for the VSTOS control signals, lnmp cnbles, and thermi-- :__
stors and three windowed ports for 1nspaction of VBTOB operationff? r:
To assure ite cleanliness, the chamber was given an acid path.7ﬁff
clean-up and a vacuum bake-out was performed bafore 1ﬁstﬁllﬁtioﬁiﬁ;"”
of the B8T0S. Witness mirrors were also empioyed, The STOS waﬁ I.: 
~ mounted on a platform equipped with _thfae Jack sqrews:'tor;:;f“
vertical tilt and translation adjustment and screwa for transiﬁf_...‘
tion in the horizontal and focus directlons. Horizﬁntai tilt waéf._
‘adjusted by loosening clamps that attach thia entire aasembly tol‘ﬂ; 
- the floor of the chamber. fThe vsros beam exited the chamberl“'“:n

through an M9F2 window (which wae removed from the chamber and..?”’*
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introduced into the awpc beam during NBS monochromator calibra-
tion) to which a bellows was attached in order to eeal the volume
between the tank and monochromator antrance port window, This
velume was flushed with argon during all measurements below
2000 A, All neasurements were made with the VSTOB under hard
vacuum (chamber pressure <2 x 105 T). ‘

6.2.2.4, 3 1 Alignment Method

Alignment of the VSTOS was effected in two steps: a orude
alignment wag first obtained by means of a laser beam and final
adjustments were made by peaking up the monochromator signal, A
He=-Na laser wae initially aligned wiéh fhe monochromator by
adjusting d4ts tilt wuntil 4t shone through the centers of both
entrance and exit slits and wae reflected (in zeroth order) from
the oRract center of the concave grating. The VSTOE was then
adjusted, so that thie bheam was Sentered on the back of the
sgoondary mirror support of the VETOS inverted Cassegrain and was
reflacted, from a glass plate held flat against the VSTOS front
mounting surface, back on&o the monochromator entrance aperture,
The distance between this mounting plate and the aperture was
adjusted to be equal to that in the FO0S8 calibrations conf igura-
tion (234.8 em). The V8708 was then prepared for vacuum operation
(all lamp cables attached and carefully adjusted to assure that
they would move freely and cover minimal torque on the caroussl),
the PMT replaced on the monoohromator, and the glass plate re-
moved from the #ront lof the VSTOS. The VST0S carousel was reset,
then moved to the Pt-Cr-Ne #2 lamp position and the signal from &
etrong line maximized by & combination of small tilt and transla-
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tion adjustmente in both axes. Thig lamp was choeen fer

elign~ff L

Ment purposes because of 4ts relatively small and eymmetrical{7ﬁ};“” :

imaga., The vacuum chamber was then ¢losedq,

With the. Mg¥, window ' ..

and bellows inetalled, and evacuatad, Finally. the operation ofﬂ_fﬁff

the carousel and all lamps was checked before proceeding with thej;fe;;:?*

calibration,

6.2.2,.4.3.2 vsTOS Image Mapping

The image of each of the vsTo0s lamps at the (1 mm) monochro-_3ﬁ”

mator

entrance aperture was mapped during the August’ recelibrea*-‘-"

tion to determine the alignment sensitivity. Horizontal mappingjpfsfl"r

was achieved by rotating the vsTos lamp carousel by eingle motor}3-39y

steps, moving the image “1 mm per step.

done

Vertical uappinq wee;;fﬁjﬂ
by turning the jack ecrew under the monochrometor entrance"

port tube, thereby raleing and lowering the aperture, while?fiatﬁ

tilting the entire monochromator. Vertical etep size wae 0.7 mm.u:fu'i'A

Changes in monochromator response due to the very emall tilt,
- well ae

due to wvariation of

ae'ff?ﬁj'
changes in the image intensity and epatiel dietribution;}f:“"'

the source position relative to the VSTOS};ﬁ?,?; .

Optical axis, were assumed to be minor over the range of thels'“

Rapping. Measurements were generally mede near both the leng endif*u"-

. short wavelength

investigate wavelength Qependencies, Figure 6.2.2,3, 2 1 illuei

trates the resulta,

ends of the calibrated ‘spactrum of eeoh lemp. ta;”"h

0f particular interest are the etrong wevelength dependence;z:'_

of the profilee for the argon and krypton lampe._“rhe FUV.pnﬂulea“* R

for the argon lanp are asymmetricsl and diepleced from theee atf.guzﬁ

" longer wevelengthe. rendering this lamp less then ideel as’ en FUVZﬁ;'}f
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calibration source. The Kr lamp image is considerably narrower
&6 #een in the UV, and inverted at the center at short wave-
lengthe, but the profiles are at least symmetrical and their
center does not shift with wavelength. The images of the hollow
cathode lamps and the hydrogen lamp exhibit no significant wave-
length depandence, The narrow, symmetrical distribution for the
Pt-0x-Na #2 lamp make it the idaal cholce for the alignment
(paak~up) Boﬁrce. while the broad, nearly flat profiles for the
P+Or-Ne #1 lamp (with diffuser) make 1t most insensitive to
alignment error and, as such, particularly useful as an absolute
calibration atandard. '
6.2.2.4.4 VSTO8 Calibration Method _

AB - was indicated abobe, the monochromator was used in two
configurations, with a 1.0 mm entrance aperture and 1.8 mm axit
6lit and with & 0.6 mm aperture and 0.8 mm slit. The larger
aperture was used to measure all of the VsTOS lamps, whila the
smaller was used for the Pt-0Or«Ne #2 lamp alone, in order to
provide the increased speciral resolution which was required for
the separation of sufficient linee 4n the rather dense line
distribution provided by the hollow~cathode lamps. The attenua-
tion produced by the MgF, diffuser on fhe #1 lamp precluded use
of the emaller aperture for this lamp, hence its calibration
suffaors greater uncertainties due to poorer signal-to-signal
ratio (lines shortward of 1524 i could not be measured) and
blending. The exit mlit width was empirically determined in each
¢ase by opening 1t until the measured flux from an 1solated line

(from the Pt-Or~Ne #2 lamp) was maximized, then reducing it to
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Just the point where the signal began to drop, (Scans‘wérefmédp';f'

through the line during this procedure.)

Measurements below 2200 A were made with the volume befwééﬁiffﬁ”

the monochromator entrance port window and the vaTos 'champg?igja

window flushed with argon. The critical flow rate was detew-

mined by observing the measured flux at short wavelanﬁthb}' while

adjusting the rate (with a flowmeter in the linby and watchiﬁgggﬁ{lf

for absorption by air diffusing into the cell. Meaaurements were*;

subsequently made at flow rates significantly larger thari thisif.”“

eritical value, At wavelengths longward of 2200 A. air waskwf?f“

introduced inte the cell, thereby providing an order blocking)'L:T

filter.

6.2.2.4.4.1 Line Soﬁrce Measurements

The spectral bandpass for each coénfiguration 1s. required” -

measured by slowly scanning the isolated 2930 A PtI line. and ca1— ‘l“f¥

culating its full width at half maximum 1nteneity. ‘The disper~ ..

for the calibration of the 1line source 1rrad1ancq§{' This”ﬁdéifw“”

sion of the Seya-Namioka monochromator is not conqtaﬁt}_hohaveﬁ.‘”ﬂﬁ*

80 the resolution measured at 2930 A must be correctad'fof‘uée qt ":

shorter wavelengths. This correction amounts tb a lsiminbraasaTIf‘ﬁ”

in A) at 11200; a linear approximation is sufficiently accurate; f5””

for A} computation at intermediata wavelengths.

Initial) measurements of the line fluxes wera nade by scann'

ning the region around each of the selected lines in order toifff"

determine the wavelength of peak signal and detarmine the gagfaapjﬁfk"

of blending. Final lines sslection was based on the”hééd, forfth;- e
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of the UV grating ranges ("5 lines, evanly spaced was our goal),
the relative amount of blanding in the candidate lines, and their
intensity,

The Pt-Or-Ne lamps were allowed to stabllize for at least 15
minutes prior to calibration. Some variation (different for each
line) does continue to cocur after this warm-up period, but this
ie typically on the order of &% per hour and is not asymptotic, ’

6,2,2.4.4.2 Continuum Lamp Measurements /

The krypton, argon, and hydrogen lamps were inftially scan-
ned over the entire range of the monochromator (A21160-3100) to
determine which portions of thelir spectra weare relatively free of
contamination by lines, which tend to be intrineically variable
and also effact the accuraé& of the calibration transfer betwesn
instruments with different spectrél resolution, and had suffi-
clent flux to be accurately measurable, The argon lamp wae
determined to be wuseful 4in the ranges AA1200~1460 and AA2200~
2000; the krypton lamp in AA1300-3100 and the hydrogen lamp in
AA1700~2000,

The stability and required 'warm-up' time of the oontinuun
lanps were investigated during the May calibration, the latter by
rapid resoannihq of the spasctrum, or a selected portion thereof,
while the lamp stabilized after & 'cold' start, Variations in
the UV fluxes were observed for all three lamps, but were not
major (typically <+3%) after a half-hour or leass of oparation,
The krypton lamp flux continued to drop at a slow rate (<2% par
hour) from the level resched shortly after turn-on. Tha hydrogen

lamp wasg disappointing in that it often required restarting after
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it spontanaeously extinguighed;

fluxes considerably different from those just before failure

An attempt was made

determining the state of lamp stability by placing & pair-.
silicon photodiode/op—amp devices in front of the
such that the integrated flux level of two of the off

‘epuld bpe monitered,

were coated with sodium salicylate to extend their

tive of the UV flux variations measured with the NBS syetem.
' The long-

quite disappointing.

lampse decayed 8teadily from use to usea,

levels

below that recorded just before the previous
NBS syztenm degradation cannot ba at
because they occur at different rates
fluxes
hydrogen lanp was lass predictable and, as
output was dependent on whether or not
(as was often the case),
pressing the

flux, 1nd1cnt1ng that it can operate in a variety of modea.

€.2.2.4.56 vysTos Calibrati 1ts
A summary of the detalled calibration reaults,
Ilog of
submitted by Dr. Klose, which is
8TScI Document FOS/CAL-15,

-140-

such restarts often raaulted 1n'ﬂf

uv raspanae,  f'f“
the behavior recorded by these monitors was genarally not 1ndica-ﬂj{

torm stabllity of each of the continuum lampa was

always restarting at,5r7'-

turn-oft.l'

mentioned ‘above,  its . .-
restarting ﬁab réquirqiﬂi“ ”:
It was also diacovered that repeatadly f“f”u

'start! switeh for this lamp could changa the lamprf““'

1nc1ud1nq s TR
the measurements, may be found in the 1ntormal Nas reporth,'"“

included ae &n appendix in thef‘k:""

Absolute Photometric cnlibraticn of..

to provide a means of 1ndepandent1y‘ﬁ:gﬁgﬁ{i
P |
1=mp caroueel,;;}f_:Vﬂj
~axts lampe ]
Despite the fact that the detactor windawsAﬁQFfﬂ'ﬂi

The UV fluxes from both argon and kryptonaf!fiis"‘

fault for these decaya,;;ai??ii:
and the Pt-Cr-Ne Clamp -
remained very constant throughout each calibration. -Thqf“”f“ '



the F0S, authored by Dr, George Hartig. The logs, in addition to
the date, times and configuration for each yrun, also indlicate the
signal level at one or more wavelengths to demonstrate the
repeatabllity of each lamp. Since these a}e raw signal (dark
subtracted) measurements, the pre- and poat-FO08 calibration
values cannot be directly compared, because of the replacement of
the monochromator entrance assembly window between the May and
August calibrations. Of particular note is the atablility of the
Pt-Cr-Ne #2 lamp throughout each run: the measured signal fgom
all three lines included in the loge le repeatable from day to
day within eeversal percent. This attest§ to the stability of the
NBS system and the repeatability of the VsTOS carousel in addi-
tion to that of the lamp itself, The other hollow ocathode lamp
wae not monitored so frequently and the diffuser was added in the
middle of the May calibration, but those measurements which are
avallable 1nd1ca£e fhat this lamp 4s alec wvery stable over.
perioda of tens of hours of use.

Unfortunately, this ‘is not true of the continuum scurces,
The hydrogen lamp proved to be rather erratic and gave indica-
tions of several modes of operation which settle to different
flux output levels. Gonerally, though, the levels reached aftex
1 hour warm-~up were within +8% of the average, espeacially if a
Yeatart was not rgauired. No éystematic trend could be dis-
cerned, The krypton and argon lamps both exhibitud a very olear
trend toward deéreaaing equilibrium flux with continued use. For
thia reason, logs of the lamp use were kept through the FOS
calibration period with hope that a fnaaonably accurate

~141-




interpolation to the actual flux levels at the time of . the FOS
APC could be made. Figures 6.2.2.4.5-1 ang 6.2.2.4.8-2 1119e-

trate the calibration hietories of these lamps at waveiénd'thé:‘,:;h'.;'.-"_l-.'.,f

i
I
1
hear the peak of their FUV continua and  in the near UV. The .
trend to decreasing flux with accumulated lamp use ie evident‘-'.'f.’ L
during the May calibration for both lemps, and this trend ccm---'.l I
tinues during the August calibration for the krypton lamp. The | I
argon lamp behaves more erratically (in the FUV) 'dui'ing'v' i:ixé'- e
. August calibration, and Jumps up by abnut a factop 2 4. betwaan, l
May 31 and August 7. oOnly a small increase is noted for “the
krypton lamp at a slightly longer wavelangth, so the munochro-'_i?' .
‘mator ealibration is not likely at fault, (Also note that :ln_‘ o A
August the Pt-cr—Ne #2 lamp lines at 11248 and 11404 aach show a
decrease of “30% from their May levels.) At longer wavelengt:hsf-,'"'1;_'.-
(@.g., 12300), the argon lamp flux increased by only 20% in the . '
game interval, and proceeded to decrease monotanically during the'-,‘-' :

August measuremente, as in May.

1
1
i
It 1is 'obvious that the consiatent degradaticns measured:‘ l
during the NBS calibration pariods could not have peraisted at:,v-.- | l

the same rate, while the lamps were used for the’ ?OB APO 1n

.- | o fact, they seem to have recovered slightly dur:ng thet Deriod,'_l‘;-'__l_‘ I
. Therefore, estimation of the flux at the time of POS ApcC- cammt St

i

be made by direct interpolation or extrapolation "of the J-Ove.lg o
shown in Figures 6.2.2.4.56-1 and 6.2.2.4.8-2. It de unu.leax- what~ I I
degradation mechanism could be operating during the NBS: calibra~

tione; it may be dependent on duty cyclu, since the lampa were )

" used sparingly with fairly long rest perioda betwean APc measure—,."
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ment. No correlation with ohamber pressure is obvious: e.¢g.,
the chamber was opened (to 4insert the diffuser on PL=-Cr~Ne lamp
#1) and reevacuated in the middle of the firat NBS run, but the
tluxea'do not mirror the resulting changes in operating chambey
preasure, |

The Pt-Cr Ne lampe each suffared drope in the measured line
fluxea from the ng to August ocalibrations, with an average
decrease of ~10% for the #1 lamp and “28% for the #2 lamp. No
correlation with wavelength is apparent. 'This is consistent with
the variations seen during life tests parformed on an identical
lémp, at the Johns Hopkins University in 1981, which showed flux
changes as great asz a factor 2 over 1 Amp-hour of intermittent
pperation (at 10 mA). Thé.'workhorse' #2 lamp, used for align-
mente and many tests of the FOS other than the APC, experienced
“1.6 Amp-hours of uss (or “18% of its expected life) in the
interval between the May #nd August calibrations, whila the #i
lamp logged ~.28 Amp-hours (both ala& cperated at 10 mA).

6.2.2,4,5.1 Uncertainties in VETOS Calibration

In addition to the monochromator calibration uncertainties,
the many eocurces of error described above must be accounted foy
in our estimates of the accuracy of the absdlute VSTOS irradiance
assignments. Follpwing is an attempt to estimate these uncer-
tainties.

1. V8TO8 carousel repeatability and NBS system stabi-

lity, including repeatability in positioning of
the PMT. The maximum total error due to these can

be estimated from the repeatability of the Pt-Or-
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Ne #2 lamp measurements which were made quibdiﬂ

cally throughout the calibrations, at less .thah-lvl AR

iax [ ] .
VSTOS/monochromator alignment.  The signal 'o:, a

line from the Pt-Cr-Ne #2 lamp was max;ﬁized to

Within an estimated +2%, This 4implies a maﬁinum.

offset of less than 2804 which, in the ‘worst case -

of the krypton lamp in the NUV, would imply a sig-

nal loas of <6X based on the'image maps - takén;

Flux loss due to tilt misalignment, independent'

of which lamp ie in use, is legs than +2%.,

Monochromator response to VSTOS beam. The cdrrec-?ﬁ
tion factore derived from the monochromator map--.'"ﬁ
ping are subject to aseumptions of uniform” fluxﬁ
distribution over the VSTOs beaan, aize o; thg]
central obscuration, and (probably of gfeatéativ

importance) that the response at any point 15 the""

product of the responees on_ the horizontal and

vertical axes which intersect at the eptical axie.

We have no means of determining these uncertain- °

ties accurately, but estimate g maximum-tqierancg .

of +5% in the correction factor,

Monochromator'paae band. Althbugh this wﬁﬁ haﬁé-- o
ured to within +2% at 142930, it was later realized -
that the pass band 1s dependent on wavelengtha,yﬂsf
requiring a corrsection by 13% at the 'ehgrtest,

wavelengths according to calculations.' Thlé was -
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not empirically verified, however. This is impor-
tant only for the spectral 1line sourcee (Pt-Cr-Ne
lampe).

5. Bignal-to-noise ratio, system nonlinearity, and
chart reading errors. Thess are generally accur-
ate to +2% with the following exceptione due to
lower 8/N: '

- all argon lemp measurements: 5%
~ Pt-Cr-Ne #1 %S 1723 48%
A 2 10161  4ax
~ Pt=-0r-Ne #2 A21248, 1404, 1622: +3%
' (small aperture/siit con-
. figuration)

6. Lamp variability, This 1s probably the dominant
error source for each. of the continuum lamps,
aince their behaQiur is not coneistent through the
ocalibration pericd. We defer estination of these
errors to Section 6.2,3, where théy ara discussed
in the context of the FOS APO.

With the exception of the effecta of lamp variability then,
the total uncertainty in our calibration of the VSTOS may be
summarized as fgllowsu all measurements above 2000 A are
&ocurate to within +11%, degrading to X17% at the shortest wave-
lengthe, with the eryor in all ecases being dominated by the

uncertainties in the absolute calibration of the monochromator

response,




6.2.3 FOS APC

6.2.3,1 General Method

Absolute photometric calibration of the ros waa pertormed~.[553

during the June through August 1984 test periods at MMDA, by_' i

uesing both the ambient and vacuum 8T0Ss as sources - of known‘f

irradiance at the FOS entrance aperturas. With the apertura.j

areas known, the photon flux at each wavelength ot 1ntareat_-'”

entering the FOS can be calculated and the etticiency, or quantum

throughput (QT), measured by comparison of these fluxas with tha‘*;f?

resulting count rates. This QT should be the product: of thaf'

optical efficiencies (reflectances of the mirrors, tpanamittancag” :

of the filtere and prism, etc.) of the components aiong 'Ehé]‘ﬁuﬂv

light path and the quantun convereion efficiancy (QE} of thefff'L
Digicon detector, if none of the flux entering the Fos is loatﬂffi"
due to STOS misalignment or overfilling of the FOS - optics.j The

geometry of the STOSs was designed to slightly underfill the Fos i

optics (in the same manner as the ST OTA), but Joeses will occur'fff”n

if small misalignments exiast,

Some flux may alsc be lost due to diffraction by the amal—f;f}”f

lest Fos apertures, particularly at long wavelengths, Dp.;”'” -

Richard Allen has made an estimate that such losses

‘may be &g .o

large as 32% at 6000 & through the A4 (. 1“) abe#turaﬂ. Preli-fﬁ{fQ&

minary results of calibration tests to determine “the extent ofsfﬁ‘-“

light loss due to diffraction 1nd1=ata that the wavelangthffﬁf,f

dependence of the Allen estimates is corract.

The nctual aper~.f"

ture size mesasurements used for the APC raduction were made bvlin_ﬁ

- integrating the flux scan through the various apertures (with thalffs'f
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camera mirror) and thus represent a mean affective size over the
wavalength response of the detector convolved with the spectral
flux distribution of the FEL lamp. PFor tha blue side meagsure-
ments, the wavelength for which the aperture size is representa-
tive is ~ 24000; for the red side * 47000, (The latter measure-
ments were made with the ASTOS FEL lamp current reduced to 4
Amps; causing it to be very red.) Aesuming <these mean wave~
lengths, the effective aperture areas, corrected for diffraction
losses amccording to Allan's estimates, weve used for the APC
neasurements made with the 34, A3, and B2 apertures, We estimate
the uncertainty in the abeolute aperture areas at +6%, with the
exception of the A4 apertures: their samall size, relatively
ragged perimeters, and large diffraction lose corrections render
these areas uncertain to +10%.

All calibration data was taken in the standara spectrophoto-
metric mode, with gquartex stepping and an overscan of 5 diodes.
The raw dsta were corrected for dead time (paired pulse ocorrec-
tion) with time constants t, = ~1.08(-8)s eand ty, = 1.,92(~8)s,
according to the relationship described by Bbbets (1988), In a
fow cases, this correction 1is large (as grest ae 50%), but the
najorit& of the APC ‘data involve observed count rates below
10,000 counts/s/dicde, at which the correction 18 about 10%.
The acouracy of the oorrectio; is estimated to be within +2% for
observed count rates below 10,000, escalating to +5% at 80,000
and £10% for the few APC data points near 33,000 ocounta/s/diode.
Theee uncertainties derive from the errors inherent in the paired

pulse ocorrection calibration, which relies on accurate knowledge
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of the relative aperture area, Efforts are currentlv being madaﬂ S
to improve the accuracy of the count rate correction,
6.2,3.2 Ambient APC , o
The FOS QT was measured with the ASTOS in both June and :
August 1964. The alignment of the ASTOS with each side of the
FOS was checked during .the June calibration by shéceseiveiﬁ?lflfz
occulting all of the beam except a small circular‘ area’ at o
- the beam edge, centered on each of the spidar legs eupporting the:ﬂ“. '  _
- ASTOS occultation aperture disk., If the ASTOS 1s_aignifiuant1y;ﬁ;‘%ﬁﬁl
misaligned, the resulting signal from each quadrant “Qogld hgt' BT
different and the sense of the misalignment could be reédile:Ffﬁf
deduced. The deuterium lamp was used to illuminate the Ad- aper—:f'il

" tures and aperture maps were made with the camera mirror. Priorﬂ"" '

on the FO8 blue side, with variations among the quadranta of lesaf“i'7
than 4%. A later check, after several ASTOS repoaitionings and-jt*f

immediately following the APC measuremants, yielded less dasir-'_f-?ﬁ

- able results, with deviations up to 9% from the mean, but never—'[3;1“'
theless indicating relatively small beam lose. on the red side,' R B
however, the results indicated significant miaalignmant, the 'W'f??Tf?U 5

image containing only “47% of the signal in the 'E! 1maqe whilef"°"

'N' and 'S' were essentially identical and alightly lees thnn_fﬁ
B, The diameter of the test aperture 9,9 mm, and the ASTosgt;:; 
occultation aperture diameter is 33,1 mm and 14% of lta area 13: fi_ 
occulted. We can infer from these data that the fraction- of thelﬁ'ﬁ'*

ASTOE beam loat on the red slde was most likely betwaen 10 and.f:7'"

'208. The large uncertainty is due to effects of diffractiqn:ﬂzfﬁfw:
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through the A4 aperture, which make the computation of bean lose
unwieldy and dependent on wavelength énd aperture size used,
eince where the diffractioﬁ loases are large, we would expeact the
sensitivity of misalignment to be reduced. Similar calculations
for the blue APC yield a beam loss estimate of B 4 2%.

An attempt was recently made (23 Feb 88) at LM3C to align
the ASTOS on the red side with essentially the same technique,
but utilizing the BS aperture (for which diffraction losses are
negligible) and the FEL lamp, operated at reduoced ourrent (4A).
Coneiderable realignment was required to aqualize the 4 guad-
rante. Spectra raepresenting a subset of the standard APC pro-
cedure were obtained with the PEL lamp #1790 at nominal current
(8.01A), These spectra contained only “.78 of tha flux seen in
the 'misaligned' Auguet 193; spactra, independent of wavelengths
from below 3000 to above 8000 A. Since 4nternal calibration
lamp sepsctra and flat-field LED eXposures made subsequently pro-
duced results nearly identical with many previous tests (in-
cluding those made in Auguet 1084), the iInstrument has not
degraded, and we can only conclude that the ASTOS alignment tech-
nique used here is faulty in some manner. The data obtalned with
the ASTOS in its original, nomirially aligned orientation muect
therefore be taken,at face value, but eince some beam loss which
We cannot guantify may indeed be present, the efficiencies
calculated from those spectra represent lower limits to the +true
FO8 QT.

Comparisons of the raw data from the June calibration with
those of the Auguat run indicate that the FEL lamp measuraments
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Are very repeatable, The August spectra almost aiivéﬁpaép to.' -
have count rates that ave approximataly 4% (+2%) gréagqr thﬁ‘ﬁhal;'H .
levels of the earlier gpectra, with no obvious or' systematic
wavelength dependence. Thig is conaistent with the-tact'th;tlthef‘
August measurements were made with the Digicon operating voltage; .
8t the tlight values: 20.9 kV (red) and 22.4 (blue), while _theff -
June data were obtained at 18.4 kV. The axceptiona'are-bdth,fi
August measurements of the HE7 grating on the red side which shqw'._l
a loss of signal at both ends of the gpectrum: the spectfuﬁ_fhkﬁnf-”'
through the B2 aperture is very clearly missing the diode’ érrgﬁtf -
with nearly half of the light lost at each and of the eﬁectrum- -
and 20% lost near the central wavelength. This same . effect id}&
also pregent in the Ad spectrum, and is 1ntarprefed as dﬁe;fd'i
improper centering of the image on the diode array caused by . the
nenrepeatable positioning of the filter grating wheel;: The.ﬁavé%l_
length dependence is due to the 'C® distortion inherent ih‘thé'

Digicon. Y-scans were made before each of the June APC- apéétra?}- ;

to determine the correct Y-base (to center the spectrum on thé“

array). We have taken the June H57 A4 spectrum and scaled it

according to the ratio of the eount rates at the centar of the
spectra from June and August (1.03) to calculate the QT for th;a

contiguration. The August data are adopted directly ror°511 

other configuraticns.

The GS-179 FEL lamp was used for all of the APC measuremente .. . -

with

when the GS-180 lamp was enployed. Both lamps were dalibrqted'étff,

the NBS and very little difference axists in their ‘raspeétivéxQ¥i¢'
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irradiances: the 6s-180 lamp ie a bit hotter, but between 2600 ﬂ
and 8000 ﬂ, the differences are less than 3%. Diffusing ecreen
#2 was wused throughout the APO, Asg previously mentioned, some
unoartainty' exists in the lamp curvent bacause of failure of the
power supply, but this is minimal, affecting the irxradiance by
less than 2%,

The deuterium lamp meamsurements were much less repeatable
than thé FEL data and very obvious differences in both overal)
count rate and spectral distribution were present, especially in
the blue side data. The POOX quality of their calibration and
this non-repeatability have rendered the deuterium lamps of
little value, and we have elected not to treat these data
further. .

The count rates were determined generally to within t2%,
with some degradation in accuracy due to poor 8/N at the blue end
of the priem spectra ("456% at 43000 and +10% at 12600). Because
of the large integrated flux of the PEL lamps and the wide éange
of sensitivity of the detectors (eapecially. broad tér the 'red!
Digicon), some corrections to the observed count rates for scat-
tered light were required for measurements below 3000 A, The
contribution due to ecattersd light was determined in a fairly
stralghtforward manner: a separate oalibration ﬁrooedure.
desighed o measure the light scattering properties of the FOS,
was executed during the August ambient calibration period. Since
thie procedure made use of the ASTOS with tha ocalibrated FEL
lampe and a series of blocking filters to‘direutly determine the
amount of soattered light in both K27 and prism spectra on both

-153~




red and blue sides, we need only scale these measurements Qccb#f;:fﬂ

~ding to the relative aperture sizee used for theee and. the. 'APC Efiﬂ,

epectra, A small additional

With aperture size and is presumably due to light from the room .

entering the spectrograph {at placeas

aperture) and scattering directly to the detector.

by placing an opaque mcreen over the blocking filte#."Thq re-—

sulting total correction

for the H27 grating amounts’ to:A“

12500, falling to <2% at 32800, on the red side,

22500 on the blue side. The prism corrections are Iargef:

tered light accounts for
and 4% at 33000, on the red side,

The FOS QT was calculated from:

QT = €ount rate per diode
photon rate per diode e
. (8.2.8.2-1)
-7 R * (L - Recat) " ‘
= *
{(1.989%10 )(Ea “Avd, *avis AiL
where R is the raw count bvate per diodar

L 13 the detector

linearity corraection (typically 1 to 1.1), Recat is the estinated“

count rate due to scattered light, 1 i1s the ASTOS gpactral

radiance (W/cmz). A l1ls the true apertura area (cm )

contribution that does not scalehf.f

12% at .
and "3.8% at |

1!“ 'I '..‘.." -

x 13 a GOE!""'".I-' .

other than the entranceﬂfgfﬂu

was  meaauredj*f"'

néat—_ g

“21% of the observed eount rate at 12600.331'

rection factor for diffraction losses through the aperture (0, e-v.f"

to 1.0),'a’'is the fraction of the ASTOS beam seen by the ros as a

result of ASTOS misalignment, and A) is

(i/diode) at the wavelength of the meaauxenent A(A). Beaause of

our inability to directly estimate the extent of ASTOS miaalign-:' ”“

ment, as described above,

'a' has been set to 1 for these
-154-.
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lations (but see Section 6.2.8.1), The results of the ambient
APC measurements are displayed in Pigures 6.2,8.2-1 and 6.2.8,2-2
for the red eide and 6.2.3,2-3 and 6.2.3.2-4 for the blue side,
Error bare reflect the Uncertainties discuseed above. Bince the
ASTOS deuterium lamps proved useless and the FBEL lamps were
calibrated only above 2500 i. no measurements of the H19 or Lis
gratings were obtained with the ASTOS,
6.2.3.3 Vacuum apc

The FOS QT was measured with the VBTOS, on the blue side
only, during the July 1984 thermal vacuum testing at MMDA. Three
separate measurements were made, but because of a VSTOS misalign-
ment problem only the last of these, on July 22, 1 ueg{ul tor
direct QT determination. Aftenr the secaond measurement, wmapping
of the VSTOS 4image by single-etepping ite lamp carousel showed
that the image centers were about one carousel step OOW of the
nominal position at which APC data was previously obtained. This
is believed to be due to misphaéing of the carousel and motor
when the VSTOS wae mountedfand realigned ﬁith the FO8 in the
vacuum chamber. (A prior, careful alignment wae lost when the
adJuetment shims were accildentally misplaced.) The final set of
AFC measurements was therefore obtained with the carousel always
positioned one atep GCOW of the honinal. The image maps made
during the APC, when compared with those obtained when the VsTOS
wae racalibrated in Auguet, indicate that at this new position
the VSTOS was fairly well aligned, so additional corrections far
nisalignment will be small.
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The

ment, sc we have inspected the image maps, made . with the_,Aag.ffﬂ:
apsrture pair, to estimate how well the VSTOS iﬁages waréi?gf;
centered on the FOS apertures; at the one step CCW position, lfhej'll_
upper aperture spectrum was about 9% brighter than the lower{ {:

8ince the upper aperture has been measured to have ~2% greater-:.'
area. the misalignment in the direction perpendicular to dieper—:-;'f'
sion is responsible for "7% leams flux in the lower apertureal The“_ _
lower apertures are used for all of the APC spectra, . The. April.fﬁi}
VSBTOS image mappinge of this lamp can be used to 1nter in a self;]:”x'

coneistent manner that “600U of residual image displaeement'ﬁaaifﬂ;

present, nearly all in the 'y {perpendicular

direction. Since the V8TOS was calibrated with the aiqnal tromT ' ,
this lamp maximized, the (lower aperture) APC data ahould,.ba 'f"
corracted for the "7% light loss. The diffused Pt-Cr-Ne &1 lamp

is very ineensitive to image misalignment, sc no éorréction ‘13 '

required in this case.

Since saimilar mapping data, in both upper and lower apar-tff
tures, is not available for the other lamps, it is difficult to ;Ilﬁ
make accurate misalignment corrections for theae, eepaciallyf:f
#ince the image size and shape was found to have strung Have—'{TJ”

length dependence for the argon and krypton lamps, and the argon;“

and hydrogen lamp profiles are asymmetric, The

saen by the FOS) are based an interpolation of the (coarae)

gested above:

‘following.
estimates of these corrections (fraction of calibrated VsTORB flhx'

Pt-Cr-Ne #2 lamp is very senalitive to image miealignH:J:'

to diapereioﬁy"” B

v

maps .
‘made- at-the NBS- in-fugust, assuming & 6000 displacement ag sﬁg—iﬁ-u'~




Krypton lamp NUV (12¢00): 85
FUV (21440): 1,10
Argon lamp NOV (22300): 19
FUV (21280); «97

Hydrogen lanmp Aindependent: 1.06

The argon lamp corrections include mdjustmente based on the ratio
of the signale measured at the nominal and one-step-cocW posi-
tions, since we ars obliged to wuse APC spectra taken at the
formen carou@el position, besause argon spectra ware oﬁitted from
the July 22 recalibration due to lack of time,

| The above discuseion deals only with misalignment of the
V8TO& image with the FOS apertures; since the VsToS produces an
/24 beam to nearly £i11 the FOS collimator, the APC measuraments
are aleso sensitive to .VETOS tilt, The original ti1t adjustment
was performed by piacing 8 cover over the collimator which masked
all but a small ares (a series of small holes)} along one edge and
RdAjusting the VSTOS tilt until the signal from each of four
orientations of the covar (rotated in 80 inorements) were about
egqual, The neceesity of moving the carousel one stop CCW !rom
its nominal position to recenter the imageas implies some amount
of tilt misalignment. This is probably emall; the fraction of
the (centrally-obsocured) heam loss due to the tilt caused by one
oarousel step, if the collimator is Just fillled, is about 6x%.
Tha collimator is nominally slightly underfilled and diffraction

through the emallest apertures will cause an overfilling which

requces sensitivity to tilt, but the intermediate case of a emall

amount of diffraction (e.g., through the as aperture) may cause
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beam less due to tilt to approach 6%. Because of the lntractable'
nature eof ¢this calculation and uncertaintias in the tilit mie-»'”
alignment (with the carousel in ite nominal position) - produced”” 3

" when the VSTOS was realigned, we will not attempt to apply aJ'ﬁl'

correction to the APC data,

The high degree of variability of the VSTOS continuum 1anpe
was discusged in Section 6.2.2. 4.5 with regard to the VSTOS oali—.:' e
" bration, It was noted there that the non-eyetamatic behavior of'
these lamps ovar the May-August interval precluded attempts-to-
correct for the variability by simple 1nterpolation of the NBS:”;
and FOS measuremeits. In order to minimize the effects of lamp:"”'
fluctuations, the July 22 APC measurements and the August 7- B_i]f”;
VSTOS calibratien were adopted for purposes of determining - the 5:ﬁf
FOS qQT. The krypton, hydrogen, and Pt-Cr-Ne #1 lambs‘wére: :i:'
essentially unused in the interval between these measurements and ;{i'i
the #2 hollow cathode lamp was on for only several hours (for,if_”
alignment of the VSTOS with the NBS system). In general,-thelf:”
earliest NBS scans were used, with exception of the hydrogani :
lamp, which operated at an anomalously low level on. Auguat 7 andi' -
the Pt-Cr-Ne #2 lanp, since the higher resolution meaauremantej?;::
witﬁ the small entrance aperture on the monochromator, made on‘yle
August 8, were desired. This policy was dictated by the genanalt .
degradation in the output of the argon and krypton lamps withf'.
accumulated operating time which is evident in both NBS oalibra-ﬁJ“ﬁ

tion pericds and the (much slower but unpredictable) !luctuation C

of the hollow cathode lamp line fluxes.
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An estimate of the uncertainty in the QT due to lamp varia-
bility may be made by examining the epread in oount rates for
each of the _Fos APC measurements of similar configurations.
These measurements are not indicative of the variations produced
by the lampe alone, since various corrections must be applied
that are somewhat uncertain in themselves, for different Digicon
oparating wvoltage and aperture eize and misalignment. Naveytha-
less, it s apparent that the argon and krypton lampe did no%
degrade conéietently with wse during the 7T/v 8 calibration, as
they did during each NBS/VSTOS calibraticn. Figures 6.2,2.4,5~1
and 6.2,2.4.5-2 show, in wsddition to the VSTO8 calibration
poiﬁts, the relative signal at each FOS APC measuraement,
normalized to indicate the 'NBS syetem signal reguired if the FOS
QT were just that predicted on the basis of the individual com-
ponent éfficignciea. The relative consistency of these data
suggest that whatever mechaniem is responsible for the degrada-
tion during the NBS runs is peculiar to those measurements and
further recommende the policy of selecting the earliest possible
VBTOS calibration data following the FOS APC,

As noted in Section 6,2,2,4.5, the August calibration of the
argon lamp at short wavelengths showed a faotor 2.4 increase over
the May meaauremeﬂfe. This jump and thﬁ rapid, erratic changes
recorded during the August run make the FUV argon calibration
highly uncertain, and we have chosen not to include theae data in
our estimates of the FOS QY. We estimate that in the NOV,
however, fluctuations in the argon lamp output will contribute

1B% to the QT uncertainty, so these data ars guite ugeful.
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FOS count rate variations of +7% were recorded fprfﬁhel”f

krypton lamp at long wavelengths (H27), and only #2% in the FUV '

(H18), The latter is probably an overly optimistic indichiipn of. - o

the variability (only three msasurements were made); we adopt t;%ﬁzi

as more rapresantative,

The hydrogen Jlamp continued to vary unpredictablv‘throggh' e
the FOS calibration, with variations of +10% for .the vﬁouuﬁl-;‘
peasuremants. Both moeasurements made during the umbiént-nﬁcéﬁﬂ:“:
showed an apparent decrease in the hydrogen lamp flux by nearly &
factor of two; these are clearly inaccurate indications of -thevf'.
FOS QT and may be due to differing operafing chaiaéteriatics uf}ﬂﬁ:.

the lamp, depending on whether it is wueed in vacuunm ‘bf at

amblent,

The Pt~Cr Ne lampe both show a general trend toﬁard decreas-

ing line flux with usage, although this is not uniform and variéév.;_-'

from line to line., As an sxample, the #2 lamp output from 'thé‘g‘r
12030 line decreased by 7% from July 22 t6 August 28, . whilé fha; l{'
22733 line remained constant and 12487 }ncreaaed bf_lzﬁx. Thié';3'
lamp logged approximately 17 hours of operation bétween ﬁheae,_ ﬁ
measurements, while only 4 hours of wuse elapeed bétweén ‘the;"

adopted FOS APC and NBS calibration or August 8. We estimate the

uncertainty in the QT due to fluctuations in these lamps at +8%.

The FOS‘QT was calculated from the continuum source meaaufai f3f 
ments. in the same manner as for the ASTOS APC, ho“EQF!fioﬁ:;‘ v
€.2.3.2-1) applies, except that the VSTOS irradiances hBQE‘ﬁééﬁiﬁf
calculated in WW/cm’nm (instead of W/om®) requiring that the con- .

version constant bea changed to 1.989 x 1079, §o sénttared'lith_  -
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corrections ware reguired for the vacuum APC spactra. The line

eource measuremente are reduced with:

op = gount _rate in line x10-9 R *L
ar photon rate in Line (1.989%10 ) ( 1ine @ A A a ]
(6'-2.3.3"1’

where E,, . 1s the line irradiance in pW/om® and the othey quan-
tities are as defined for Equation (6,2,3.2~1), 8Since the FOS
resolution is generally much higher than that of the NBS mono-
chromator and the spectral 1lines are not well isolated in many
cas@e, the FOS count rates are summed over the bandpass used
for the NBS measurements. Sinece the NBS ree&lution éxceeds <that
of the FOS priam for ) > “2600 A, some correction te the long
wavelength line rates was fequired. This wae eatimated by taking
the ratio of the flux in the NBS bandpass to that within the ¥os
Prism bandpass (ocentered on the line wavelengths) in +the
Pt-Cr-Ne w1 H27 spectrum and applying this factor to the priam
data. The correotions were 20% or lese, and wa eatimate that
their contribution to the QT uncertainties is minor. Because
of the excesaive blending of the 31822, 31670, 32269, and 22887
lines, combined with the small but non-negligible wavelength
uncertainty for both the NBS and ¥OS calibration spectrs
(espacially for LiB and the prism), the estimated errorse in the
QT determined at these wWavelengths are somewhat greater than for
the beattar-separated lines.

The rasults of the”vaouum APC of the FOS blue side are shown

in Pigures 6.2.9.3-1 through 6.2.3.3-4, Error bare reflect the

uncertainties discussed above.
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6.2.4 POS Component Calibrations

Each of the FoS optical componente, gratinﬁa. mirrqbaf '

filters, and prism were measured at the Johns Hapkine Univebéif?

(JHU) Physics Department

selection of the elements to be used in <the flight

thair manufacturer, EVSD, for the same purposes, We can employ

these measurements of the salected components to determine the:~5.

‘@xpected overall P08 efficiencies,

of their uncertainties,

end-to-eand measurements Previously discussed, Details of the

individual component measurements

report.

6.2.4.1 Optical Components
The JHU optical component neasurements
separate faciiitiea
3000 A and one for the UV (1150 A < 3 < 3100 A).

to illuminate the dispereers with collimated light at the proper

angle of incidence. Theee utilized PMT detectors on tranelating 

stages preacedad by

comparison and test mirrors and gratings, and faithtully rapro-

duced the optical configuration of the FOS.
Praceded by

hollow cathode lamps (Pt-Cr-Ne and Cr
and Pt-Ne in the UV),

produce a beam that uniformly illuminated the

~-170~

to verify their performance and allow Ll
1nstrument.“v'ﬂf
The quantum efficiency of the Digicon detectors was datermined bv_ T

It is the purpose of thie‘-_ :
section to present the predictad efficiency data, with estimatea~j’”’

80 that these can be compared with tha',ﬁ

are beyond the scope of this & -

employed aevéralv

Two comparators, one for measurementa above:’?'”

were configured' -

exit wslits at the proper distance from the e

The comparators were_jf;]
1/2 m scanning Ebert monachromators. 111um1nated bV;i7 .

-Ne were used in the viaiblax"'

Transfer optica and apertures were used’ to_

test plece suép-if'“




that 1t is just underfilled, again simulating the FOS conditione.
Plane polarizers, é pelymar £ilm type for the visible, and ohe
employing a single Brewster's angle yefleotion off bare LIF for
the UV, were also incorporated in order to measure the optical
efficlency for light polarized in the planes perpendicular and
parallel to the grating rulinge; The comparators allowed the
direct cross-calibration of a test mirror or grating with a
reforence mirror of the same dimeneion and focal length, which
results in very small errors, because the beam path is identical
for both pleces. ' _

The reference mirrors were evaluated in separate facilities
for UV and viaible reflactivity neasurement, each carefully ocon-
figured to minimize arrors due to beam size and nenuniformity,
PMT photocathode nonuniformity and sensitivity to orientation, as
well as soursce variations, Different configurations ware
enployed for each pirror‘typ&: plane, grazing incldence, colli-
matora (i m focal length), camera, and sapherical (1/2 m focal
length). .

For all of the measurements, analog FMT currents were re-
corded on calibrated chart recorders and these data were manually
reduced. The measurements were pearformed chiatly by Mr. cCharles
Bowers under the direction of Dr. George Hartig, and the data
were reduced by Mr. Richard Pembroke. Comments on the calibra-

tion of each componant type, with estimates of their uncertain-
ties, follow:

6.2.4.1.1 Concave Reference Mirrors

The UV and visible reflectivity measurements, each made with
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gquite well at their Juncture near 3100 3 (although ligtle or no
overlaps in the wavelength coverage exists). For the collima-. -

tors, the agreement is within 2%. A rise of ~“8% occura from thé '

UV to vigible reflectances of the spherical mirrors, but thia may

be due, at least in part, to a real feature in the,retlectance}':'“
turve. The measured reflectance curves are also in aqreement ﬁ
with that calculated from the optical constants, assuming. a 250 A,Lul
MgF2 coating on Al: the measurad values 1lie typically “BX helowu f
theoretical and show a departure from this trend only in the

vicinity of 1850 A where an anomalous dip in reflect;nce ia-khown_ff_
to occur for these coatinge. We estimate that the absolute re-
flectivities of these mirrors, against which all the other'- _

mirrors and gratings have bsen evaluated, is determined to withip' :‘“

8% of their true values, over the entire wavelength range of théﬁ’l

measuraments.

6.2,4.1.2 Collimators

Thess were, in general, calibrated by comparison with the va,_
and visible reference collimators. The etatistical errors incur- |
red by this comparison are small, estimated at £2%, excapt at

1199 A (18%) and 7943 A (17%). The neasurement uncertainty 15":'{

therefore essentially that of the reference mirror. An exception

is the red slde collimator, which was used as the viuible rafar- -

ence mirror and as such was directly calibrated.

6.2.4.1.% gratings

The gratings were measured by comparison with the UV andli

:visible spherical reference mirrors. Care was taken to assure - -

~172-
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that the proper angles of inoidence and diffraction were used;
alignment wae performed by measuring the zsroth-order reflection
geometyry with the aid of a laser. 1In addition to the overall,

first-order reflectance (with the grating nearly filled), the

efficiency of each panel of the (multipartite) gratings was
heasured, with a stopped-down bean. Although no central ob-
souration (as present in the mctual FOS béam) was utilized in the
full-illumination measuxrements, the resulting 'error' is negli~
gible, since tha efficienoy of each panel does not deviate
strongly from the mean. The H13 and H19 gratings were replaced
in the FOS and their spares remeasured before mounting; the
maasurements are in excellent agreement (<2%) at pointe near the
center of their wavelength coverage (§ = 0), but some eignificant
dlsagreement is present at the wavelength extremes, espealally
for H13 at points below 1248 R. The latter may be due to some
- real degradation, amounting to “15% at 31219, presunably due to
surfaoe ocontaminants, despite the care taken in grating handling
and the fact that the gratings were etored in theiy ~special,
O«ring sealed containers in the intervening two years. The other
disorepanciezs may be at lesst partly due to slightly different
grating alignments, with corresponding ahifts of the blaza wave-
length, which would be most apparent at the larger diffraction
gnglau. where the efficienoy falla rapidly as § departa from the
blaze.
6.2.4.1.4 Prism
This was measured as an assembly after the pvism was bonded

to the spheriocal mirror and was treated in the same manner as the
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gratings. Again, the agreement between UV and vieible m"’“ra-l-"-w:

ments is good (0.81 at 3065 A with the UV monochromator, and

0.805 at 3323 A with the visible), Reasonable agreement with .

the measurements was obtained by an attempt to calculate tha‘

efficiency using the optical conetants of the Ng!z A/R coatihg“7‘““*

and sapphire, although some variance existe in the publiéhed'

data (Pembroke, 1883),

6.2.4,1.5 Grazing ;ncid-ﬁgg Mirrors

These were mosasured directly (not with respect to a refepr-

ence mirror), although for the visible measurements use‘wqé * made

of a pair of auxiliary flats and a beam=-aplitter in a duubleépaea ;T

arrangement that permitted the fingle PMT to remain stationary._-_:”'

One flat raturned the beam raflected by the grazing mirror and . -

the other reflected the beam when the grazing mirror was‘removed:l
both were wused at normal incidence. Because the beam made.two
reflections at the proper angle of incidence (78.5 degrees, chief

ray), the accuracy is 1mprovod However, we note that although

care was taken to illuminate approximately the same area of’ thq

mirror as is used in the FOS, a central obacuration was not pre- ;”"
sent and the +1.2 degree range in angle of incidence preeented by
the OTA £/24 beam was also not exactly duplicated, since thalfeegcl'..
beam was nearly collimated. Nevertheless, we expect thatlfhgsgf}f'

differences incur only very minor errors. The UV maasﬁfémentp

Were made in a direct fashion, and exXcellent (<2%) agreemeﬁt. W-f

between these and the visible reflectance near 3000 & waa again“:"'

achieved. Each face (red eside and blue slde) was meaaured."'”

Separate measurements were made with plane polartaed lightjin

-174-




directions perpendicular and parallel to the plane of incidence,
ehowing the expected substantial polarization, espacially in the
red. These results were compared to rﬁf:ectances calculated from
the optical constants for Al and Al 045, assuming a 45 A thick
growth of the latter on the ‘'aged' bare Al coating (Pembroke,

1984),
6.2,4,1.68 PFilters

The order blocking filters were meamsured at JHU only in the
UV (3 < 8000 A). With exception of the filter used for the H27
grating (MgF, coated fused silica), the - measurements 1lie below
the nominal filter cut-off and provide detarminations of the
amount of filter leak. Transmission measurements of the A/R .
coanted colored glass filtéba provided by Acton Resesarch Corp.
(ARC, the coating vendor) were made at very high 8/N and varia-
tions among pieces of the same type ave very amall. The ARC data
for the H27 filter is in excellent agreement (within 1%) with the
JRU measuremente, providing confidence in both sets of data.

6.2.4.2 Digicon Q,R,

The efficiency of the flight detectors has been determinad
at BV8D (Division of BAIl), where the tubes were constructed. A
fairly ocomprehensive summary of the teaf results for eaoch of the
FO8 program Digioons, including the P-3 (red) and ¥-7 (blue)
flight-seleoted tubes, has been previcusly prepared (Beaver and
Harms, 1984),

Briefly, the QEs were determined by comparison with a pair
of standard photodiodes, the absolute efficiencies of which were
providad by their vendors (EMR and BEMI), The comparison is
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standard Digicon was first calibrated in current mode versus thqﬁ”n
photodiode, then in turn used to calibrate the tube under test 1n§fmf-
either current or photon-counting mode. Two sets . of apparatus'?j

are used to measure the UV and visible partions of the apectrum,f‘ 3
with eubstantial overlap in their respactive coVeragee. | Thaﬁf K
visible standard is an EMI 9715 QAM vacuum photodiode and an,EERH
543-09-00 photodiode, whose calibration is traceable to .the Nﬁsi:
is used in the UV. The UV apparatus makes use of'éﬁabcbndérihfi_
standard, a PMT sensitive to visible light, to ménitar_ the

brighthess of a phosphor screen, which can be moved 1nto the baamf?'“

between comparison measurements of the photodiode ‘and_“téstj.f.:
Digicon. Four lamps are used for the OV measurements: aniée"'l ‘
hydrogen (11216), Xonics krypton (331236, 1460), Scientific. .

International xencn (11473) and a mercury pen-ray (311860, 25371;}{?.5

3131, 3650, and 4047). In addition to the current mode QE

measurements made at each of these wavelengths, a photon oauntihg{ﬁﬁff
mode determination was also made at Adl218, 1850, and:2537. 'Theff;j

agreement between the QE determined in .each mode tor'théIF77_ufi"

digicon is quite good (<b6%). -

The only uv QF measurements that ~are avallable for thé

flight detectors were made at the time of delivary in April 19815“: '
(red) and July 1981 (blue). Subsequent tests have baen made with fi'l
the visible apparatus (3 > 3600 A), howaever. Por the blue.rﬁjl L

tube, the measurement in April 1984 is denerally in good‘agraég

" ment with the delivery values, but with some dagra&ation ot_tha..'

<176~
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red response indicated. The red F-7 tube data are not sc easlly
interpreted: discrepancies ranging from a facto» of 1.6 to 2.0
ooour inh the remeasurements of July 1983 and March 1984. These
lie above and below the delivery values, respectively. We
suspect that a large part of the disorepancy may be due to the
pvarticularly high ilon ocount pate exhibited by this tube, which
producas an apparent enhancement of the efficlency near the tube
center when the photocathode is i1lluminated over & wide area.
This effect was as large as 80% in the most recent naasuremsnts
and was aocounted for by mnmeasuying the QE aﬁav from the center.
The anomalously large QEs reported in July 1983 may be at least
partially the result of this ion count enhancement, although the
ion count rate wa® measured to be substantially smaller at that
time, Since no recent measurements have been made below 3600 i,
we asgume that the approximately wavelength independent ratio of
the March 1884 to delivery values (~0.8) i1s valid at shorter
wavelengths and derate the UV QE measurements acoordingly, The
19684 remeasurements of both tubes were made with raspect to the
¥-2 Diglicon, which was calibrated (in current mode) against the
EMI photodiode at the same time, These data should therefore
provide an excellent orosa-calibration of the two £light detec~
tors even if eystematic errors, such aé degradation of the
refereance photodiode QBEs, are present. EVSD has recently
obtainaed anothexr calibrated EMI (vieible) photodiode and hae
found that the older standard has not degraded significantly.

A systematic error in the EVSD QB measurements at the

shortest wavelengthe was recently discavered as & result of com-
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'paring erriciencies measured by both RVSD and the NBS for several.:fw”n

different detectors. The BVSD evaluation of standard phote-~ -

diodes, which it manufactures for the NBS, has produced conaia-wfi"

tently higher QE than the subsequent calibration at the NBS._‘

This discrepancy amounts to “30% at 1236 A, dropping to u"sx, nt"'ﬂi”
1460 A and <2% for % > 2000 A, The HRS Digicons were also'fifl_'-‘ :"
measured at the NBS, GSFC, and EVSD: for the OsTe tubes, the{:&?ﬁ?
discrepancy is much the same., with NBS and asrFe evaluations in“f;l}?
good agreement, The HRS CsI Digicons do not show such a marked?;?;j‘
discrepancy, however. ' P
The EVSD UV standard photodiode has Jjust bheen recalibraibd:;u J?
{January 1988) and shows only an “3% degradation in 1ts QE: at?lflf
1216 A from its 1978 wvalue: turthermore, mapping of_tha diode'f”::
photocathode area indicated that spatial. variatichs in fitﬁ_:‘_-
response are falrly small, so beam 'footprint' conoiderationa are't.i
probably not the major cause of the EVSD/NBS discrapancies..' Théf::fu

. problem is most likely caused by scattering of long wavelengths.‘” i;
| since the sources in question produce significant fluxes in the;1; f
NUV. This explanation finds support in the EVSD meaaurements of'?iﬁf
the HRS Csl Digicons, which have a very restricted - range ofzfin;
sensitivity (essentially blind to the NUV) and are tharefore lesé:%fif
suaceptible to QE measurement errors as a reault of scatteradV'?'ﬁ
1ight, were in considerably better agreement with the NBS data.w:f:‘
We have derated the EVSD measurements below 2000 § according to,ﬁ:u

the average ratioc of NBS to EVSD QEs of thrae photodiodea 'which?:? :

were recentlv measureaed.

=178~




An estimation of the uncertaintiee in the EVSD measuraments
can be made by inspeotion of the QE history of the F-2 tube, for
whioh seven sets of data are rqported in the repoQt by Beaver and
Harme (1984). The spread in these measurements, which do not
axhibit & clear temporal trend (except for the original delivery
data of 1981 which show a more sansitive red response), is about
410% at 4000 A degrading to +30% at 8000 A. Although eimilar
data are not available for the oV neaeureﬁenta, wea estimate the
uncertalnties at £30% at 31216, where the signal~to-noise ratio
is poor and correctiona of that order have been applied,
improving to +10% at 12537, since the UV and visible measure-
ments, invelving entirely separate apparatus, generally agree to
within 10% where they overlap.

€.2.4,3 Predicted Pos QT

The expected efficiency of each FOS observing configuration
ie the product aof the reflectivitieé of the grazing mirror,
collimator, and disperser, the filter transmittange (if a f£iltey
is presant), qnd the Digicon QE, assuming proper alignment of
these components and the absence of beam oooultation-(a.g., by
misplaced baffles). The predicted QT wvalues have been calou-
lated, based on the measurement described above, and are shown in
a set of 9 plots (Figures 6,2,8.2-1 through 6.2.3.2-4, 6.2.313-1
through 6,2.8.8-4, and 6.2.4.3-1), as dashed curves. The error
bars represent the uncertainties in the individual component
maasurenents, added in quadrature.

Oubiec wspline fite to the efticiency data were manually ad-

Justed to remove the amplification of measurement statistical
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error that is typical of this type of fit and to produce reason-
able extrapolation of the data where reguired. We note that,
partiocularly for the Digicon QE in the UV, this ie a somewhat
arbitrary process, since this region is poorly sampled and no
recent measurements are available, resulting in a redustion 1n‘
the level of confidence for the FUV efficiency prediotions on the

blue side, in particular.

6,2.6 Analysis and Conelusions
6,2.5.1 Intercomparison of Resultes: Genewal

We can exploit the partial redundancy of many of the APG
meagurements to gain further insight concerning the systematio
errors that may be present, thereby permitting = batter estimate
of the true FOS QT. An obvious starting point is couparisdn of
H27 and priem QTs oh the blue side, which were measured with both
the ambient and vacuum 8T0S8. We find that the VSTOS measurements
lle, on the average, “30% above the ASTOS-produced QTs. This is
contrary to expectation that the VSTOS, whioh produces a rather
small Iimage at the PFOS aperturas, would be more difficult to
align than the ASTOS, and therefore ba more susceptible to beam
lose due to reeidual misalignment (see also the discussion of
VSTOS alignment problems, Seotion 6.2.3.3). Nevertheless, the
apparently atra{ghtfurward ASTOS alignment check method has
regently proven,d;ubtful as a result of an attempt to align tha
ASTOS with the FOS red side that resulted in 22% less measured
flux than 4in the 'misaligned' condition (see Section 6.2,8.2).
1t seems reasonable to aseume that loeses of the same order may

well be present in the nominally aliéned bilue aide ASTOS spactra.
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We may also compare the blue slde ASTOS memsurements of H27. Vf

H40, HE7, L65, and the prism with those on the ped aide. As’

noted in Section €.2,4.2, the blue and

measured in the visible region againat the same transfer standardj*._
Digicon within a short pPeriod of time and as such should be well*'-‘j
calibrated with respect to one another. The blus and red coiligif.“‘
nators were cross-calibrated (since the red side collim&tor was

used as the raference mirror for those measurements) and sach

oide of the grazing mirror, although separately measured, can bq...-

@ssumed to be well Kknown, with respect to the other, since the

meéasuremenis were made in exactly the same manner (and'littléle
difference in retl?ctivity was seen, as expected), Exqept fo;i:“j
possible misalignments of the ASTOS or the FOS components, 05'   &
beam vignetting by improperly placed baffles, etc,, the APcl -‘
measuremente for each disperser should be nearly 1dent1ca1 withf?f"
respect to the predicted QTs. Rather, we find that the red side” 
QTs more closely approximate the predicted values, again poaaiblv;;n .
indicating blue side ASTOS nisalignment losses of 2ox 1f the'J; |

red side were perfactly aligned, and even greater 1oeaea if aoma-”f

red side misalignment was also present,

The majority of the disorepancy between the prediated and:_
ASTOS-measurad QTs, i most likely due to. some form of miaaliqn-:T i:
ment or beam vignetting, since the ratio of measured to prodicted.};:3
efficiencies showe little global wavelength d-pandenoe, althouqh.tf3’1
this ratie does vary 8lightly over the wavelength range coveredff;i"
by some of the dispersers. It seems eminently reasonable, then,i*'F'h

to normalize the blue ASTOS measurements to the VSTOS data tor'f?.'
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H27 and the prism in order to make our best estimate of the true
F08 efficilencies. The alternative is to discount the quality of
the NBS VSTOS8 oalibration at the long wavelengthe, where it is
most accurate. We also note that, at the wavelengths in ques~
tion, the VSTOS irradiance ocalibration is tied most firmly
(although by eseveral intermediate standards) to the same standard
uvaed for the‘ASTos calibration, asinoe the argon mini-arc was
calibrated against an FEL lamp irradiance standard with FASCAL
- pedigrea, in the NUV. The relatively goodvagreemeht {well within
the errors expected from lamp fluctuations) demonetrated by the
measurements with each lamp -- representing a variety of count
rates, utilizing several different entrance apartures, and
inoluding both 1line and -continuum spectra -- lends further
credence to the VSTOS H27 and prism results. Because the VSTOS
was aligned with the NBS monoohromator by maximizing the signal,
the irradisnces could not have keen significantly underestimated
by beam Jloss due to misalignment., These arguments for the
veracity of the VSTOS measurements are of course not compelling,
eince a number of transfera and corrections were involved and
unidentified systematic errors may agist: however, we have no
evidence that the measuroments are less mccurate than indicated
by the error bars, whereas the ASTOS alignnent is clearly
questionable., We wil) therefore adopt a8 weighted mean of the
VETO8 measuremente and the ASTOS QTs, normalized to the VSTOS
values over H27, as our estimates of the true efficiencies on the
blue side. This will bring the blue and red QTs, relative te

those predioted, into reasonable agresment with the measured
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aefficiencies, generally at about 78% of the predicted valuea, '

such that the error bars of each overlap.

6.2.6,2 Logcal Features and Ahomalies

The measursd efficiencies show some local departures from
this global trend that merit further discussion. Of the ASTos
measurements, the LE5 QTe toward the ehort'wavelandth end of 1££
range on both red and blue gides appear to be somewhat iawer;
with respect to the predicted values, than the other cémponentéls
and the prism, on the blue side (but not the red), also appeara'
relatively inefficient. The LGB diecrepancy appears due to .
differences in the grating orientation in the FOS and for the JHb:E .
Measurement set-up, since the drawing gpacifying thé gﬁatin§; *ﬁ

angles and blaze direction that was avallable to the JHU pa:aoﬁ— {'

nel was in error.

An  explanation for the reduced efficlency of the prism °h,i _
the blue side (as compared to the red) ie somewhat mora eluaive.V; 5I
The count rates near the response peak in the June and August aeC
spectra for the prism aépear to compare within ~8%, the Augpst - N
rates being the larger (as expected, dus to the higher DigiCOﬁ }:‘n
operating voltage). A more detailed comparison is precluded v.
bacause the June data {(for <this exposure onlyl) , were not : N
properly recorded on tape. It is noteworthy, however, that the_"t:
shape of the apectrum through the upper épertura of the 'A4l';{i7:
pair used deviates considerably from that through  lower, with-';-,
deviations between the two as large as 30X, and that  both .. .
spectra show multiple small-scale features not seen in tﬁé"“

red-side spectra. A possible explanation is that ‘the, photp—:*”ff
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cathode suffers ecome non~uniformity {or a small smudge or
partiocle is present on the deteotoy window) in the very small
area over which the priam spactrum extends, Thies deserves
further investigation as the flat fielding data are reduced in
the near future, It is important to note that no attempt at
flat-fielding the APC spectra has been made; the purpose of this
exercise is to determine the overall FOS absolute efficiency on
a falirly coarssa sosla,

For the VSTOS measurementa, we firet note that in general
the agreement among the QTe resulting from spectra of each of the
five lamps is well within the errors expected from lamp fluctua-
tion. Noteable departures from this trend are the hydrogen lamp
results at long wavelengths, which tend to-drop below the other
measurements increasingly with wavelengths, A large part of this
discrepancy ie probably due to a real change 4in the gpectral
distribution of the hydrogen lamp, although such differences are
not evident in the pre~ and post-test NBS calibrations of this
lamp. However, as indicated in Begtion 6.2.3.3, this lanp seams
to be particularly susceptible to output variations, possibly
dependent on its environment and orientation. The Pt-0Or-Ne #1
(diffused) lamp measurements also appear a bit lower than the
mean of the others, especially for the lines beliow 11800 in the
H19 and L16 spectra. We suspact that this may be due to inproper
matochings of the NBS and FOS spectral resolution, perhaps
combined with some 1loss of signal in the L15 spectrum, due to
nonrepeatability of the FOS filter-grating wheel. The latter may
be inferred by noting that the Pt-Or-Ne #1 measurements match
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the other lamps quite well 1in the H19 (above 11800) and pfiém i: ;
spectra in the aame wavelength regien, sp'thcir relative”.célief
brations are accurate. The former may be a problem because of ‘
the high line density of the Pt spectrum, the poor reqqlutiohvof ;;”'
the NBS measurements and the use of n"rectangular (simﬁiﬁ f”

binning of the FOS spectra over the NBS 1) approximation to the”;

true NBS monochromator resolution profile,

The VSTCS QTs, when viewed relative to the predicteq vulueé;ff' .
show two noteworthy features: a sharp, high efficiency peak naaf-fi
11650, and & broad, shallow dip in the meagured ofticienqy aboutf?aj:'
2000 R. These features are not peculiar to a aingle'dispérsér;{iﬂ )
the 11850 feature can be seen in Hi3, H19, and Li6 and the 22000 .
dip in H19, H27, L15, and the prism. Inspection of Figurei ‘f%
6.2.3.3~4 (L15) shows that the former anomaly is dua to the lack. f‘
of the predicted dip in efficiency for the measured QTa. ‘This.'“sw

dip is known, however, to be a typical feature or Liééptimizgd'

MQFQ/AI coatings, such as those used on the FOS collimatnrs..fuv
gratings, and the mirrer used with the priem. The depth of the

feature in the predicted QT curve 1s not abnormal for twe such .

reflections, although this variles considerably and has baén

correlated with the degree of surface roughness of the Bubsttate.'-

The abgence of this dip ie therefora quite unuasual, and we can’

offer no ready explanation.

The 12000 dip is less prominent, and if the 321680 feature

were not present, it might be ssen rather ae & ceneral decrease
in efficiency with wavelength below * 2600 A. In either 1nter— 

pretation, the dip may be construed as a manltestation of some::;f‘”
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degree of surface contamination, In particular, a broad reduc-
tion in efficiency about 12000 is a signature of surface contami-
nation for La-optimized (250 A thick) Mgré oﬁer Al coatings,
8ince the MgF, laysr is of quarterwave thickness at ~ 2000 &,
causing a greater degree of ooupling to the surface contaminant
at those wavelengths (Heaney et al, 1977, Hass and Hunter 1970).
In any oase, the implied contamination is not gross: the ratio of

the measured to predicted QT s nearly the same in the FUV as in
the visible.

6.2,86.3 Final QT Botimates )

With the considerations mentioned abovae in mind, we proceed
to make our best estimate of the QT for each ¥0S configuration.,
For the blue side VSTOS results, generally the mean of the
individual measurements made with each lamp, weighted according
to the estimated uncertainty, was taken and a smooth curve drawn
through these pointa, Extrapolation of the data was reguired
below ~ 1300 3 for the Hi3 and H1S gratings. The gingle measure~
ment of H13 at 11248 appears exceptionally high (at 86% of the
predicted value), so our extrapolation Jlies about A16% below this
value at "70% of predicted, which is representative of the
heasurements over most of the spactral range of that grating.

The blue side ASTOS (Ts were normalized, as described in
Bection 6.2,.5.1, é; bring the H27 measurement into agreement with
the V8T08 wvalues. Since the shape of the H27 efficiency surves
from each &T08 match in the overlap region (112800~3000 R). only
minor emoothing was required to vield a continuous QT curve,

However, a 16-20% discrepancy remains between the VSTOS and ASTOS
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measurements of

the prism, indicating (again) that the latter =

neasurement is peculiar. Nevartheless, since a clear explan&an 'f;?

tion for the low ASTOS result is currently 1ack1n§. we haVe.ﬁ;i
electad to manually semooth the data through the overlap region, -
adopting the measurements outside that :region withnut furtheﬁ;‘.
major adjustment. The slope of the QT curve in the 132600~3000 A"'f .”
interval is likely to be somewhat incorrect as a result. Minur-:i':v
adjustments (not axceeding 2%) have been made to the‘kswosﬁfh;f
measurements in a few places teo smooth the result, since maasﬁré- f":
ment error can produce local variations of this magnitude. .
The red side ASTOS measurements have qenarally been adoptad

directly, again with minor 1local amoothing. 81nce no moaaure-,fj“'

ments were made below 2600 A on the red side, we must estimata.ﬂ' -V

the efficiency of L16 and H19 and the blueward portions of tha”r:‘fu
wavelength rangees of the prism and H27 by assuming the predicted
values are accurate relative to one anothar (as argued in Sactionlft:
6.2.5.1) and scaling the blue side V8TO0S results aggqrdinqu.ln -

This results in some discontinuity in the region of overleéj.

(231500-3000 A) between the direct ASTOS measuremente and the .

inferred UV values. Although the shapes and slopes are reasonéy*'”

Sbly well matched, the H27 measurements fall “10% below 'the . .

infarred values, wpile the prism measurements are ~15% high. The -
latter is due partially to the anomalously Jlow blue pridmxi:”ﬂf
‘measurement (see above), but in both cases the agreemeng is well .
within the errors in the determination of the predlbtad red QTs ﬁi 
relative to those on the blue side and the APc-méasﬁbﬁmepgvﬁl;-

errors. The (more uncertain) inferred values for the short wa#e{f;f '
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lengths have been normalized to the measured QTs in order to
presaxrve the shape of the eftioienoy'curve: small residual dis-
orepancies were removed to produce & smooth curve. The final
estimated QTs are presented, with the predicted wvalues super~
imposed as dashed curves, in Figures 6.2.5.3=1 through 6,2,5.3-4.
Error bars representing our estimates of the interval in which
the true FOS QT must reside are included.
6,2.8.4 gConclusions

The primary econclusion which we may draw from the APC data
here preesented is that the F0S is in good condition, with high
sensitivity over its entire speotral rnnée_from the far UV to the
near IR. Each of ite dispersers and both Digicons demonstrate
efficiencies that are a large fractien of those expected on the
basies of measurements of the individual components. Furthermore,
these predictions and the "end-to-end” APC measurements are
generally in agreement within the estimated Jimits of the
measurement errors assoclated with each.

Nevertheless, our best estimates of the system QTs are in
general about 20-28% lower than the predicted values, and little
global variation in their »atio is present over the entire wave-
length range, on either red or blue side (although the red QTs in
the ¥UV ware not diractly neasured and our estimates were there-
fore guided by the predictod values), If this degradation is
real, we note that it represents an nveragé depreciation in
reflectance or transmittance of the four to six exposed optical

surfaces used for any particular configuration of 4~6%. This is




not unremsonable, especially since the optics have previously . .

' been noted to be less than pristine (e.g., Herzig, 1884) .,

Some part of the difference between predicted and maasurad :: "
QT may wall be due to STOS misalignment, however, Inaqcurate__;?‘
alignment of each ST0S with the FOS is a wajor (and'ditticu;t'to‘_f._
quantify) source of uncertainty in the QT determinations. Beqéusa”‘:$
of the close match of the output beams to the focal ratio of the
FOS. Because the alignment of the ST0Ss with the NBS calibration
facllity was either very insensitive (ASTOS) or pgffqrmed‘byiu :E
maximizing the signal (VSTOS), and since their alignment with the ?5“
FOS was both critical and difficult to perform and.chéck;v'undqfn ”:;
estimates of the true FOS QTs are likely to havg reeultéd."Thé leE
evidence for such misalignment of the ASTOS on the blue side ”waé:“:””'

considered convincing enough to warrant normalizing thoae data*

to the VSTOS measurements.

A wavelength-independent reduction 1h ayatem'afficiéncy‘éan' '
also be the result of some internal misalignment of fhé FOS" L
optice, such as inmproper tilt of the collimator such . that theilﬂiif
* beam partiaslly misses the gratings, or a baffle vignettinq ‘the .~ B
beam. An inspection of the blue side optical train Just priorvto”:‘_
delivery to LMSC, although performed under less than 1dbalxébndiwu:
tions, revealed po obvious obstructions or nisaliqnmente that1-?"‘

"oould account for lossee as great as 20%,  but smalley effects_;L: ?

cannot be ruled out on the basis of that inepaotion.

Future measurements, if the schedule permits any furthar]ﬁ';':
evaluation of the FOS efficiency, should be performed in such ajltf-f

manner as to reduce the uncertainties due to nisaliqnmbnt.f One - " .~
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such technigue is the utilization-of tWwo beam foocal ratios, ocne
clearly underfilling the POS optice (e.g., £/30), thereby mini~
mizing sensitivity to both alignment and diffvaction by the
smaller apertures, and the other f£illing the optice at /24, The
latter should be used to align the STOS by maximizing the signal;
& small effort to provide a reasonable way to articulate the STOS
would aide this greatly.

We conclude by reiterating that the ¥0S has been found
"healthy" and free from any major debilitating oontamination. and

can be expected to perform efficiently in each of its obzerving
vanfigurations,

6.8 Location of Spectra

6.3.1 Introduction

The optimum method of determining the locations and orienta-
tione of FOS epsatra on the two-dimensional Digicon photocathodes
is deecribed. The Y-center of a spectrum as a function of diode
number deviates from linaﬁritv by up te 15 mierons, hecause of
small distortions 4in the magnetic foousing ‘flelds in the Digi~
ocons. In addition, the apeotra are rotated by small angles
{typically 0.°06 for the high resclution gratings) with respeot
to the dicde array. This report presents all spesctral position
and orientation mpeasurements sinoce the raplacement of the Digi-
oons in the second quarter of 1984, Average shifts in spectral
position are 6omputed between calibrations at different tempera-

tures and at different Digicon voltages,
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