thermal or may be due to s slow trend of the Digicon elactric =
fields toward equilibrium. Figure 7.1-16 shows an optical bench
temperature over the time period that the aperture repeatability Co

data was taken. Ths drift of five to six micerons f£rom time_ 100 3

to

consistent with the thermal motion measured on the blue side ovéf'
a S-degree temperature transition. Over the 5 degrees, the vﬁlué
side showed an average of 6.4 microns per degree shift (see j“i
Figure 7.1-17), Figures 7.1-11 to 7.1-15§ also show that 'theu'

aperture wheel is repeatable to within a micron (as measured by

the scatter of the dats pointe from a smooth line).

7.2 Aperture and Fi;ter-Gréting Wheel Repeatability
7.2.1 Initial Instrument-Level Teste '

Repeatability of the grating wheel was measured by IQCatinglx"
the position of the o, 1 arceec aperture in an aperture map after.

the grating wheel had been moved to various positions. Shifts orf

up to 10 microns in both X and Y detector coordinates were
detectead,

additional measuremants were derived from other ambient cnlibra-'." 2

tione. A ghift of -0.45 + .02 diode (22 + 1 micron) in X on- the-

detector occurred betwaen two HE7 A4 spectra made 7 hrs apart.

Furthermore, aperture maps made on different dates are shifted upfvﬂll
to 0.28 dicde (14 microns) in X. The shifte in apactral poaition'j7fﬁ

that are associated with rotation of the filter-grating wheel are

300 minutes with a temperature change of about one_degreefig-

To echeck for repeatability over longer time 1ntarvals,

pushing the limits of acceptability for good photometrie-repro-
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ducibility. The detent mechanism of the filter-grating wheel and
the seating of the camera mirror should be chegked,

A series of external Pt-Op-Ne emission line spectra were
made with diffaerent aspertures in the ‘ambient calibration of
March, 1983 to determine how well the ﬁosition of the aperture
wheel repeated. The nine speotra, made with grating HB7 and
eight x~steps, were ‘taken with the red detector over a 78-minute

interval in the following orders

1 2 8 4 8 - 7 8 o
e2 o2 o2 B2 A4 B2 c2 B2 Ad

To determine whether there are systematic shifte between
spectra, a croas—corrulatioﬂ technique is usad. The spectra are
correlated in 100 Ailode bins. As there are no spectral lines in
the last bin (diodes 400-500), only the results of the first foupr
bins are oonsidered. In each comparison, there are no syatematic
ohifte as a function of bin number, an indication that the
spectra are linearly <transliated, but not stretched, 1In Table
7.2.1-1, the average of the first four bins is presanted as g
moasure of the shift betwaen spactra,

With the exception of a .014 + .002 diode shift between
trials 8 and 7 with_apertufe 68. the spactra repeated to ,004 of
the diode separation or better, whioh is the acouracy of the
measurements., The diode separation is 80 microna in the X-direc-
tion. From theae motions on the diode array, we ocan oalculate
the corresponding tangential motion of the aperfure wheel fronm

the geometry. The dispersion direction is angled approximately
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Table 7.2.,1-1

APERTURE REPEATABILITY MEASURED BY CROSS-GCORRELATION OF SPECTRA

Shift on Detector 8hift on Aperture Wheel
Aperture Trials (Diodes) {Microns)

02 112 -002 +/- .001 0.4 +/- 012
c2 1,3 002 +/- ,003 : 0.3 +/- 0.5

c2 1,7 014 +/- ,002 2.3 +/- 0.3

B2 4,56 004 +/- .002 0.6 +/~- 0.3

B2 6,8 -.002 +/

t

0005 ‘0.3 +/- 012

A4 65,9 =,001 +/- ,005 -0.2 +/~ 0.8

Offsets Between Apertures, for Comparison:
C2,A4 1,9 177 +/- .011 80.1 +/- 1.9

B2,Ad 4,9 .068 +/- ,006 10,0 +/- 1.0
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84 degrees to the tangent of the aperture wheel. This, combinad
with the 2X difference in scale between the deteotor and the
aperture whesl, determines the relation between motion on the

detector (d) and motion of the aperture wheel (%)}

- .24
4 o8 7 e 3,44

Applying this to the measured shifts, we find that the
aperture wheel shifted 2.3 % 0.3 microns between triale 3 and 7
with C2, compared with 0.6 microna or lese for the other tyials.
The large shift ooccurred when the wheel was cycled through B2,
A4 and B2 before raturning to 02,

The repeatability of the grating wheel was measured in March
1983 by projecting an 1&393 of the 0.1 arceec paired aperture
onto the photocathode with the camera mirror. In between these
aperture mape, the grating wheel was rotated to other grating
positione and then returned to the camera mirroy, Ten aperture

naps were made in a 90-minute interval in the followiny order,

mapl PRI map2 H87 map3 Hie napd H40 mapd H78
mapeé H27 map? H40 map8 H18 mapy L16 maplo

Vsing the red detector, 66 y—stépe of 11,29 microns each
were made with a 20-diode wide section of the djode array (diodes
. 264~273), which was guarter-stepped and overscanned by 6 diodes.
This produces a 96 x 68 aperture map with an effective sampling
size of 12,85 microns in X and 11.3 microns in Y. Because the

true 14 X 14 micron aperture image is convolved with the




50 x 200 micron PFOS diede area, the aperture nap producea-'an

image approximately the sams size as a diode.

The center of an aperture image is meamsured by first comqul
ting the average cross-section of the aparture (sum of the’
¢ounts) 1in each dimension. A cantroid of this cross-section 13-'"'

used to compute the center of the aperture. For example, in the

X~-direction, the center of the aperture is given by:

where x is the X-coordinate and C is the numbher of counts in each

X-step. The expression for Y is the same but with y-steps:
substituted far X-steps. The converseion betwasn v-ateps and"
Y-position on the detector is: y-position (microns) = y-base +

11.23 microns * y-gteps. The y-base used for theses aperture’

mapa is ~393 microns.

The positions of the upper and lowar halves of the pAired'

aperture are shown in Table 7.2.1-2. The motion of the upper

aperture corresponds to that of the lower to within 0.07 diode -
(3.5 microns) in X, and 0.13 y-steps (1.5 micron) in Y, euggest~ Et'ﬂ
ing that the measurement of the aperture positions is at .bébtz:flﬁ
this accurate. Visual examination of the aperture maps-cleérlg?'“"
shows the shifts. An example is the contour plot in Figure.

7.2.1-1 where trial 7 (dashed line) is compared with trial 'Bi:":

(solid line).

In the Y-direction, an increase of 7 microns. occurred . .
between trials 1 and 2, followed by a slow decline of 10 microhs | .

between trials 2 and 8. The x-positicn repeats to better than
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Grating
1 CAM
PRI

2 CAM
H&7

3 CAM
H19

4 CAVM
H40

8 CAM
H78

8 CAM
H27

7 CAM
H4iC

8 CAM
H13

9 OCAaAM
L16

10 .CAM
L = LOWER

U = UPPER

FGW REPEATABILITY:

Table 7,2.1-2

CENTROIDED POSITIONS OF

0.1 ARCSEC APERTURE IMAGES

X-Posgition
_{Diodes)
L U

267.877
287.861
267.905
267.894
287.916
267,914
267.928
267,130
268.098

268,076

287.720

267.6863

267.747

267,708

- 267,746

267,742

287,772

267.991

267.892

287,924

Y-Position
—{Microns)

L U
~171.3 243,98
-164,3. 261.5
-166.0 250.1
-156;1 248.6
=171.3 244.86
-171.0 245.2
-172.1 248.2
-178.5 243.1
-168.5 246.8
-171.86 243.9
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0.1 diode (5 microns) in trials 1~7, but both apertures shift
0.2 diode (10 microns) between trials 7 and @. The wheel was
moved to grating H40 between these trials, as was the oase
between triale 4 and 5, but no anomalous shift occurred there,
The dispersion direction is oriented ‘radially on the grating
wheel, &0 that rotation of the wheel produces a movement in the Y
direction on the detector.

Additional spectra taken in the internal-external offset and
internal waQelangth calibrations show much larger changes in the
x-position of mpectra from day to day in the March 19838 calibra-
tion. The external H87 A4 red spectrum obtained seven houre
after the vrepeatability data is shifted =0.45 + ,02 diode
(23 & 1 microne) from trlalﬁl of the repsatability calibration,
compared with internal-external offsets ranging from 0.01 to 0.07
diode (0.5 to 3.5 micions). The H87 internal wavelength spectrum
obtained 40 hours earlier is ehifted only -.04 4+ .02 Aiode
(=2 & 1 miorons) from trial 1, Furthermore, the A4 map for part
10B of the aperture map calibration, which was made 13 hours
before the FGW rYepeatabllity maps, 185 shifted 0.28 diode (14
microne) in X, but less than 0.5 micron in Y.
 The FOS notebook and the tape log indicate that the detector
was ueed prior to theee calibrations, so that i1t is unlikely that
power-up eettling times vaused the shifts. In the anbient cali-
bration, the temperature should have remalned roughly constant,
8o  that thermal shifts should not be & factor, No standard
neacer packets were obtained with the Marech data, so that correl-

ation of the shifts with temperaturs ocannot be checked. One
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thecry to explain the observations 4is that the camera mirfor

might be loose in its fixture. Anothey possibility 19. thatl wel

are eeeing slop in the filter—grating wheel detents, which could

be uncorrelated in X and Y. Regults are summarized in Tables

7.2.1-1 and 7.2,1-2,

7.2.2 Improvements in Filter-Grating Wheel Repeatability

The filter-grating wheel repeatability can be aignificantly
improved by applving an additional motor a8tep after the 1n1tia1.-
standard positioning of the wheel. Both the standard deviation

and sespread in the positions of epectral images along the disper- -

slon axis were reduced by a factor 2 with the extra atep applied

However, the degree to which this remedy will alleviate .tha

repeatability problem in actual flight conditions, eepeclal;y-for"”

the camera mirror, is uncertain. Because the residual non-

repgatability will most likely remain unsatisfactory and thermal -

variations will also cause significant image drift, modifications

to the FOS to permit direct image location (addition of apeitgﬁe-_

1)luminating LEDe) was undertaken late in 1985.

An attempt has also been nade to improve the FGWA repeat—l'

ability by applying a small offset force to the wheel aftar 1t

has been nominaliy positioned at the desired diaperger {or .

camera mirror) ang then allowing it to relax into that position. -

This was accomplished by commanding one additional step of thé

FGWA stepper motor 4in the forward direction after performing .
standard positioning (also in the forward direction). Power . to'_ .
the motor ie removed immediately after the motor is phased for =,

this step for the usual (200 me) duration, allowing the détent--"-‘
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roller to perform the final positioning adjustment rrom"a more
repaatable initial condition than is likely without this extra
step. |

Preliminary tests were conducted on February 20, 1986 during
which the image poaitlon'(in the dispersion (x) direction only)
of a line near the center of the H40 grating (red side) sepectrum
of the internal calibration lamp was measured. Spectra ware
‘taken after normal positioning of the FOWA and after application
of the additional motor step., Thirteen trials were made, with
the FOW rotated 360 degrees between each trial. It was readlly
apparent that the repeatability oould be improved with this
prooeés; in every case for which the wheel initially settled to a
position with large deviatién from the mean, application of the
extra step reduced the discrepancy markedly. The standard devi-
ation in the apeqtéal line image poaition was reduced from about
® miorons (before motor stap) to Just over 5 microns afterwarde.
Teats with one step in each direction applled consecutively
appeared to make no additional improvement. Trials were also
made with 2 additional forward steps applied, which sometimes
drove the wheel far enough that the detent roller moved entirely
out of the detent, so that the positioning was loat.

In order to tast the effectiveness of this method further,
for other ¥GW positions, the standard repeatability test proce-
dure was performed on March 6, 1988, on the blue side. The
results of this test can be directly dompared to those of the
October 16, 1984 evaluation, which fielded a mean standard

deviation of 6,9 microns in the X direction for 9 trials of eaoh
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previous FGWA repeatability test data. Aan additioenal econcern is
that these messurements were made in ambient, whereas the pre-
vious data indicate that the repeatability may be significantly
Worse when the FOW is operated under coldey flight conditions.

WNe oonclude that, if possible, a direct evaluation of the
FGWA repeatability for the camaera mirror, on both red and blue
eides and in both X and Y axes, should be made during thermal-
vacuum teeting. Furthermore, the addition of a means of Jillumi-
nating the entrance apertures (LEDs) and the minor modificationa
to the NSSC~1 software reguired to determine the aperture inmage
pasitions wilil aigni:ioantly ald our ability to perform accurate.
target mcquisitions, whether or not the improvements to the FGWA
raepeatabllity suggested bf qur recent tests will indeed be

realized on orbit. The LEDs wers installed inte the FOS during
Decembex, 19865,
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SPECTROPOLARIMETER

The Faint Object Spectrograph of the Space Teleecope will. be,' [3
able to obtain spectropolarimetric data on taint astronomicai

objects, This is done by introducing a Wollaston prism. and:'” :

rotating waveplate behind the spectrograph entrance aparturas.
Tegts of

the device ig capable of excallent performance. The magneaium;_l
fluoride optical componants of the polarimeter permit meaaure-vf:ff
ments of linear and circular polarization throughout the ultrg- . :

violet, down to Lyman &« at 1216 A. The mechanical stability and*}f:*
repeatability of the mechanism are demonstrated to yield poéitﬁon 

angles of the incoming plane of pelarization to better than + 0.6 =~

degres, and we &nilclizzte that measuramente of the degree of

polarization could be made to an accuracy of at least 0.1%. Thé';
accuracy far faint objects will depend on the integration ﬁiméa:ﬂ
avallable for the observations, because of noise from phofo-,"J

electron statistics. A 20-minute intagration at 15th magnituda L

gives typically errors of 1% in each 100 A wide spectral band.,

8.1 Basice Prlnciglgg

The polarizagion of a source can be characterized by the

four Stoke's parameters I
ehown in Figure g8.1-3.

a4 system is

the polarimeter and its optice have demonstrated . that

1+ Y+ Uy, V, in the coordinate system .

The degree of linear polarization in such - -

(Baa-1)




Figure 8.1-1,

Coordinate system used in the polarization
analysis. The view is toward the source.
The line W-W is the pass direction of the
Wollaston; while FA-FA is the fast axis of
the waveplate.
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the position angle of the plane of polarization is
. U1
6 = 1/2 tan~1 (6--):
1

the degree of circular polarization is

v e (B.1-2)
and the intenaity ie

_ 2 2 2,1/2
I1 = Iy + (Q,° + U + Vl )

where I, is the unpolarized component of I,

1f a waveplate with a faat axis at an angle & and a retarda—-"

tion ¢ is inserted betwesn the éource and an observer, the trang-

mitted radiation will have a new polarization state

1, =1,, (8.1-4).
Q, = (1/2(1 + cosd) + 1/2(1 - cosd) cos 4w)Q : .
2 1 (8.1-5)
- (1/2(1 - cosf) 8in 4w)U, + (sin¢ sin 20)v,, .
02 = —-(1/2(1 - coat) sin Gw)Ql + (1/2(1 + cosd)

=~ 1/2(1 -~ cosd) cos 4M)01 + {mind cos 2uw)Vy,

and

V2 = ~(sint sin 20)Q; - (sint cos 24)u, + (coss)V,. (8,1-7),

If the observer then places an analyzer at an angle « in back of

the waveplate, he will detect a signal
=312~
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I = 1/2(1; + Qoos 2¢ + Upsin 2a), (8.1~8)

In oases where the' analyzaer and coordinate system are aligned so

that « = 0, the observer receives a signal

Ty 9 Q,
Ju =4 7 (1 + coeé) + 7 (1 - coal) cos 4w -~
Tltl - cosf)sin 4w + ?l sind sin 2.
By defining & phase factor ¢ = 20 + 90° such that
8in & = 3 7% ° + cos 28 {8.1+10)
and
' "U1
this expression can be reduced to
I, e (.2 + v 2)%
J = T * Yo (1 + cost) + ) (1 - comt) ein(dw + 6)
\Z1 (8.1-12)
+ 5 8ind sin 2u.

The functional dependence of J on w in this eguation shows that a
rotating waveplate in front of an analyzer will modulate a
linearly polarized beam at 4 times ite rotation rate; while a
c¢lireularly polarized beam will be modulated at 2 times its rota-
tion rate. This equation also shows that, if one can determine.

the waveplate retardation ¢, measures of J as a function of w can
~313~




be used to determine the Stoke's parameters II' Q. Ui' Vy of fhe'- o

source,

The retardation of the rotating waveplate can ba;datermined

exparimentally with 100% linearly polarized light. Under Iqﬁdh."”':'

conditions, I, = (Q12 + 012)1/2 and

- -1 1 =M b | ._ 'i"‘ 
(= 2eos” v Hesme (.3-19)
J _ I
where M = 3955—:—3559 is the obsarved nodulation of the signal

max min

If the plane of polarization of the incoming radiation is alignad:

with the peass direction of the Wellaston prism, then sin €=}
and

J . . ‘ .
§ =2 coe”? (;Min)is ©(8.1~14)
max ' :
This is the best configuration for measuring ¢, - When the

incoming plane of polarization is more hearly perpendicular to . -

the Wollaston prism pass direction, ¢ 18 very uncertain bacause - -

1 ~Mand 1 + M sin€e are both veary amall.

8.2 The Polarimeter Machanism

The FOS polaﬁlmuter coentains two rotatable wavab;atp ré— ”:
tarders and two Wollaston prisms. One waveplate s bernanentiy3'

located in front of each Wollaston. The polarimeter is designed

8¢ that only a single motor is required to rotate the waveplgtea

and to move either of the Wollaston/waveplate paire " from oné1_flﬁ'

~314~-
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accomplishes this is shown in Figure 8.2-1. The drum, which ia
only 1.9 inches in diameter, contains the two Wollaston/waveplate
pairs. The Wollastone are permanently fixed to the drum, but the
waveplates are mounted in rotatable cylinders inside the drum.
The waveplate cylinders have a 16-tooth pgaar on the outeide which
meshes with a 17-tooth fixed ocenter gear inside the drum. One
revolution of the drum rotates the Wollastons by 860°. The wave-
plates, however, rotate 382.6%. Each vrotation of the drum thus
increments the position angle of the waveplate fast axis by a net
22.5%, Sixteen rotations 6f the drum bring the mechanism back to
its original configuration.

The drum is driven by a 90° pernanent naghet stepper motor.
A total of 420 motor stepe are reguired to rotate the drum 380°.
Errors in the positione of the optical componente rasult from
tolerances on the motor (:;4.5°) and from errors in the gear
train. Anti-backlash gears have been used wherever poaesible, and
clearances between bearings and their housiﬁga and shafte have
heen held to less than ,0001", Eaoh bearing is also preloaded
axinlly to eliminate yadial play within tha bearing itgelf.
Belleville washers and compression springe provide the necessary
preloads. Repeatabllity +tolerancas on oz {rotation about the
optical axis) are + 2,8 arc min for the Wollaston prieme and
4 10.0 arc min for the waveplates, Tolerances on °x and 97 are
L 1.7 are min for the Wollaston prisms and 1 3.0 arc min for the
waveplates., These mechanical tolerances are _better than those

originally epecified for the .mechanism and will help to minimize

-315=




& 3jerdaaen/uolserion
3an3zady zears

wnzg !.n.uuu.eﬂ

~316-

Side and reax views of the polarimeter.

+

-
L A
6@\ ¥ g Iapoduy o
o
¥ a3poougz m.. .
030K taddays .._...._




uncertainties in the measurements that might be introduced by
errors in the poaltions of the components,

Figure 8.2-2 shows the relative positions of the two
Wollaston/waveplate paire, labeled A and B, and the clear aper-
tures, labeled ¢. The clear apertures are located in the red and
blue beams. Motor step 'nounta and angles hetwean the various
elements &re indicated,

Two eight-bit pin encoders provide positional information on
the mechanism, One revolution of the drum rotates encoder A five
times and encoder B 5.0628 times. In 16 cycles, encoder A
rotates 80 times and encoder B 81 times, bringing both back to
their original counts, Encoder A changes by 8.0476 bits and
encoder B by 28,0857 bits with each step of the motor, Both
encoders increase wWith a COW rotation of the drum as viewed in
Figure 8,2-2, If the motor should ever fail, the entirye
‘mechanism can be removed from the optical path by activating a

hot wire pinpuller,

8.8 Subaseembly-Level Performance

The Wollaston prisme and wavaplates for the polarimater were

manufactured by the Karl Lambrecht Corp. of Chicago, Illinois,
¥

Magnesium fluoride was the birefringent crystal selected for the

polarizing elemants because of its transmission to below 1200 A.

The birefringence of magnesium fluoride changes slowly in the

vieible and near UV, Around 1200 1. howaver, it falls to zero
gnd then has a reversed sign down to the transmisgion cutoff of

the crystal. The Wollaston priems both have an internal wedge
-317-
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angle of 20°, This angle wés chogen so0 that the weak bire-
fringence at Lyman « would etlll give adequate separation for the
spectra at the detector. Two waveplates with different retarda~
tions are used in the polarimeter. The thickness differential of
waveplate A 19'137 Hm; that for waveplate B is 68.8 Um., The
actual retardations and transmissions of the flight waveplates
were measured as a function of wavelength at the Marshall Space
Flight Oenter in Hunteville, Alabama. The retardations of the
two £light waveplates aré listed in Table 8.8~1, The wavelangfh
of =zero retardation is slightly different for the two, which we
believe must be Qua to slightly different chemical compoaitions.
Retardations in the FUV-are presented graphically in Figure
8.8-1,

The modulation efficiency of a waveplate is equal to 1/2(1 -
cosd) for linearly polarized 1light and sin? for circularly
pelarized light (see Bquation 8.1-12), Each waveplate is there-
fore maost efficlient at modﬁlating linearly pelarized light when
¢ = 180° and lemst efficient when ¢ = 0° or 360°. For circular
polarization, the efficlency peaks at ¢ = 90° and 270°., The
modulation efficiency of each wavaplate me a furiction of wave-
length has been included in Table 8.3-1. In particular, note
that waveplate A has a high nodulition effioiency for linear
polarization at Lyman ¢; while waveplate B does not. Togqther.
the two waveplates provide adequate coverage of the spectrunm.

A transmiseion curve for the complete polarizer is shown in
Figure B8.3-2, Only a single curve 1s shown, wince koth

Wollaston/waveplate pairs avre very aimilar. The fairly high
~319~




TABLE B8.3~1

RETARDATIONS OF THE FLIGHT WAVEPLATES

A(A)

Wavaplate A

Waveplate B

Efficlancy

linaar

eircular

E!ticinney‘

linear

elzcular

1175
1200
121
1280
1300
1350
1400
1450
1500
1800
2537
3680
6128

-108"
100°
215
360°
460°
482°
aese
aso*
468°
439°
281
263"

9s°

65
«59
91
0

.59
76
79
+ 75
65
.85
+ 66
+98
.54

.95
.98
.87
0
.98
.85
.82
.87
.93
.98
T
.29
.99

161
228
247
250
[ ]
241
[ ]
230
226
L]
123
84
4’

.53
o
.50
.97
.83
.70
.67
878
.76
.85
77
.45
.13

1.00

0

1.00
.3
74
92
.94

l.7 o

.85
g2
.85

.99 .
.6
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Figure 8.3-1. Retardations of the flight waveplates
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Figure 8.3-2, The transmission of the polarimeter as a
function of wavelength
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-transmission in the FUV was achieved by carefully 'delqctingg;i ;;"
components and by making them as thin as possible, 1531Wo1£asfnni:;:f{

prisme are 3.6 mm thick, while the waveplates are only 1.0 mm.;ﬁ m

thick. All elements have an 8 mm clear aperture.

Although the manufacturer came very close to achieving thafﬁf' '

specified values of retardation for the waveplates, they were,;" L

unable to optically contact them as oriqinally desired. There 1B=Ej,:i-_.
therafore eome 1ight lost at the internal boundariea,ot.the-twau“I )

halves of the wavepiates. The Wollaston prisms are also not . .
optically contacted. Optically contacting the optical °6P9Qn§hféﬁf}'”"'

would probably have been possible if the componanté hhd:beeﬂ

scaled up in thickness. This is a tradeof?, however. that wouldaﬂ L

have aignificantly 1ncreaaed the absorption loasau 1n the FUv.

Dow Corning 6€~1104 sealant was applied to the edges ‘of the_fl'iﬂ

Wollaatons and waveplates to hold them together during tasting.fv-

The flight components were 1atar glued into their holdera ‘in th&.ﬂﬂl

polarimeter with the same material.

8.3.1 Laboratory Meagurements

Operational tests of the polarimeter assembly were carriedfifﬁzf[.ﬂ

out at the Martin Marietta Aerospace 0o. in Denver, co1opa¢°,'”' .

In the firet phase of testing, the polarimeter was placod 1ni?ﬁf2,i
auxiliary optical system that accurately simulated . ita oparation !*,17

in the FOS, and the position of each 1naqe in the tocal plane wag.f"

from one waveplate pair, and random variations in thq.positloanff7fi?a

'of the images were less than t 5.0 Nm. Since the digicon diodes’, -
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are 80 Wm wide, there should be no eignificant image motion
probleme with the polafimeter.

The measurements of image motion were used to compute the
poeition angles of the image splitting for the four normal oon-
figurations of the polarimeter. Figure 8.5-3 summarizes these
neasurements. It also shows how the images are rotated by the
grazing incidence mirror and then inverted bV,Fhe collimator and
grating before reaching the detector. Figure 8.3-3 has a rota-
tiohal orientation that is identical to that of Figure 8.2-2,

The twin images at the detector are separated by an amount
= w 150 lne - ny| tan 20 (8.,3=1)

where Ny ~ Ny is the birefringerice of the magnesium £luoride and

8 i in millimeters. Maximum eplitting is 780 jm at 1830 A.
Images at Lyman o are separated by only 242 Hm. Pigure 8.8-3
shows that seplitting 1s not precisely perpendicular to the
dispersion. This 18 a consegquence of ragquiring elther waveplate
to be operable in either beanm.

The second phase of the operational tests involved actually
measuring the polarization angle ¢ of a known source, In this
stage of the teating, a pinhole light source at 3680 4 was placed
150 ma in front ofvthe polarimeter. A lens after the polarimeter
limited the transmitted beam to £/24 and reimaged the light onto
a photomultiplier, The 2:1 imaging in the FOS waa also repro-
duced. A chopper was used_to reduce the effects of stray light.

During the actuasl tests, an HNP'B polarizer wae aligned at ¢ =

0° 46° 90° and 135° in front of the polarimeter. At each
-323-
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angle of incoming polarization, two sets of sixteen measureas of
the intensity J as & function of waveplate angle ¥ were taken
with each Wollaston/waveplate pair, One set was taken with sach
split image. The waveplate angle changed by 22.8° between
meacures and was defined to be =zZero at the initial position of
the waveplate in each data set.

The individual data sets from the tests were fitted with an
aguation of the form

J =Gy + 0y sin (45 + ). ' (8.8-2)

The phase angle W in thie equation equals 4w, + 6, where ©, is
the initial position of 'the waveplate with respect to the
Wollaston pass direction and € is the phase factor in Equations
(8.1-10 to 8.,1-12). The angle § 1s thus equal to o - Wy where
wy Wae determined from the eight sets of data that were taken
with each Wollaston/waveplate pair, RBach individual data set
then yielded a final value for the angle of polarization ¢ and
the waveplate retardation ¢, Results of tha test observations
are summarized in Figure 8,8-4, The standard deviation of ¢
about ite known direotion i1s 0.15° for waveplate A and 0.22° for
waveplate B. Waveplate A has a high modulation efficlency at the
teat wavelength; while waveplate B has a nadulatiaﬁ efficlancy of
only 45X, Since these errors are consistent with known sourcas
of error and instabllity in the test measurements, we can antici-
pate even better acouracy in the ¥O0S.

8.3.2 Agouragy for Faint Objects

For many abjects studied with the F08 polarimeter, the
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accuracy of measurement will be set entirely by photoelectron
atatistics, This 1s the case now for most ground-based polari-
metry. With the tranemission and modulation efficiency of the
flight polarimeter determined, and the effiolency of the ¥oS
known, the measurement aceurmcy can be predicted with a high
degree of confidence,

In Table 8.3-2, we have carried through astimates for an AD
star with Vv = 18th magnitude. Its flux is typical of many

ocbjects that will be of interest, such as Seyfert nuclel, bright
| QS80's, BL Lac Objects., the bright knots of Ma37's Jet, magnetic
white dwarfe, and AM Her objects. Column 1 gives wavelengths
from 1216 to 3000 A, and column 2 the source flux in args/cmZ/A/
sec, OColumn 3 is the calculated number of photoelectron events
per 100 i.bandwidth that wili be recorded in an integration going
through all 18 waveplate positions i{n 20 mninutes. Bome 134.4
aeoohds are lost to mechanioa; ¢cycling through 16 rotations of
the drum. We have taken acocount of losses in the HST main
optice, in the FO8 and polarimeter, and the fact that the digicon
can detect only one of the twe spectra at any moment, The FOS
efticiency is not Btrongly, dependent on resolution; the eounts
will be somewhat higher when the sapphire_dispersiny prism is
used to cover the region above 1800 i in one integration.

Columne 4 and 5 give the efficiency for fhe optimumn wave-
plate at each wavelength and the error in measuring lineay
polarization; 0(P) is given by VZ/qVN, and is the standard devi-
ation of each Q/I and U/I, When apprecilable polarization is

detected, it 4is also eagual to the error in P, the degree of
-327=-
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polarization. (Errors in P are not gaussian when P is null or
weak,} The last two culﬁmns give the higher of the +two wave-
plate efficiencies for ¥V, and the standard deviation in V, also
given by VE?nV":

We see that the errors in a 20-minute measurement in the
100 K bandwidth vary from 0,6% to 6% over the range from 3000 to
1216 ﬁ. Foy some objects with high polarization, this will

-already be a useful measurament; when higher accuracy is needed,

lenger exposures and/or wider bands will bs required. For
example, the band 1600 ~ 2000 i could be measured to " 0.2%

acouracy in a $-hour integration,

8.4 Ingtrument-Level Performance
The FOS eystem level polarimetry wmeasuremant data are still

under analysis, and will be provided later as an update +to this
report.,
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- APPENDIX A

AMBIENT SPACE TELESCOPE. OPTICAL SIMULATOR.

1. INTRODUCTION
The Ambient Space Telescéﬁe Optical Simulator (ASTOS) was designed
“and built to provide a stable repeatable absolute radiometric calibration
of tha Faint Object Spectrograph (FOS) over the wavelength range 250 - 850 nm,

and under ambient room temperature and atmospheric pressure environments,

The ASTOS consists of three major elements: 1) The structural mount which
provides physical support, and proper geometric alignment and interfaces
with the FOS, 2) The lamp/diffuser combination that provides the source
of 11lumination for the FOS, and 3) 8 highly stable power supply for the
lamps used.

Figure A-1 is a schematic of the geometrical arrangement of the lamp,
dfffusing screen, and FOS fnterface, The ASTOS provides a properly formatted
beam with central obscuration to simulate the actual ST capability.
Figure A-2 shows a photograph of the actual device. The lamp housing
accommodates either a: FEL typa 1000 N.Tungstan lamp provideded by
Gamma Sctentific, or a FEL type Dmterium lamp, also supplied by Gamma
Scientific. Each lamp has 1ts own carefully regulated power supply to
provide stable opevatfon and performance, Figure A-3 is a portion of an
engineering drawing which {11lustrates the ASTOS/FOS mounting interface.
Special design attention was paid to provide accurate registration and

repeatable alignment of the ASTOS for the FOS mounting fixture,

A=2




Details of each of the lamps used {s provided in following. sections. .j?3‘._ -
The entire assembly was calibrated at the National Bureau ‘of Standards. af‘zl :
Radiometric Physics Division. This calibration was performod both boforeig
and after a series of FOS calibratfons with the ASTOS, to verify its B
lTong term stability,

The reports of those calibrations are also provided here. -

In actual operation with the FOS, the lamps were 211gwed to adaquoteiy f§7ff:€d :
warm up (~ 20 min) befare actual data was obtained by FOS., A- iog was'}f.rzﬁ‘i'”fr

maintained of actual on time usage.

Provision was also made within the ASTOS to house a speciai polarizing
prism. The orientation of this prism could be seiected to provide a.

lineariy. polarized continuum source, in position angle_incromonts oﬁ.lﬁ?:;




FIGHRE A-1 ASTOS CONFIGURATION
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TUNGSTEN LAMP DESCRIPTION




TUNGSTEN HALOGEN TYPE FEL LAMPS

Tha tungsten halogen lamp 1s the principle standard for absolute radiometric
calibration. This standard of spactral {rradiance consists of a carefully

selected and aged lamp with low drift rate, powered by a highly ragulated né
supply. The lamp's output 15 measured at anexact dfstance (50cm) from 1t in
a carafully defined direction. ‘

A spactral irradiance calibration {s performed with the Lamp mounted within
a House and Baffle Assembly cdrrect1y located on an Optical Bench, and takes
- {nto account all interractions and geometry of these two units. The lamp

current {s measured across a 10 mv/ampare pregision calibrated shunt. The .

voltage 1s monitored directly at the lamp pins.

This Standard of Spectral Irradiance has become the most accurate and

practical reference for measurement af optical radiation.

The Gamma Scientific calibrated tungsten halogen lamp provides state-of-
the-art accuracy as a standard of spectral irradfance and is an ideal

source to calibrate spectroradiometers, radiometers, and photometers,

The Power Supply 15 a highly regulated programnabie dc supply, which can
operate the 1000 watt 8,3 amp lamp. Once the lamp has stabflized thermally,
typical random variations in efther current or voltage should be less than

" 90,01% from one minute to the next,
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DEUTERIUM LAMP DESCRIPTION
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DESCRIPTION OF THE DEUTERIUM LIGHT SOURCE

The deuterfum Yamp suppiied by Gamma Scientific s a fuaeq‘s1lfcqffﬁf
envelope potted in a special base with two stainless steel pinsi ' ..
The overall dimensions of the lamp are 121 mm high and 225 mm. .
between the centers of the two stainless steel bins. FigUrgflff
Shows a cross section of the 65-5150. The lamps inner'stfucﬁukﬁi}m;
consists of a cathode, anode, and the cover for these electrodes, ..
The envelope 1s f11led with highly pure deuterfum to a pressure.’.
of several torr. The anode 1s in the approximate center of the
envelope, completely insulated from the other parts of the lamp.. '
A small (approximately 1 mm diameter) aperture 1s positioned near.”
the front surface of the anode and s designed to pass the entire.
discharge current, providing a high intensity point source, A
special fused silica window 1s provided in the envelope. The ' -
deuterium lamp makes use of arc discharge. Figures 2 andls:sﬁhw}]"
the discharge mechanism for this lamp operation. As shown.iﬁ'”
Figure 2, when two flat plate electrodes, placed in 8 gas;
environment and separated by distance 0, have & voltage appifed
to them, the negative electrode becomes the cathode, the positive . -
electrode the anode, and current flows in the circuit shown,
This flow 1s due to residual fons excited in the gas by the
photoelectric effect, cosmic rays or radioactive matter. A{Ith27
applied voltage s increased, the current begins to 1ncrghle,tﬁ{g__
proportion to the voltage from A to B, as shown in Figurgralﬂf;f
While the slope (coefficient of proportionality) depends qn:ioﬁff
and electron density and aovement, further {ncrease in yblfqgé;
beyond the point B, results in a saturation condition up to_thgg L
point C. This occurs when all of the supplied electrons are
being transported. 1f the appiied voltage 1s increased st117:;
further, a sharp increase in current s seen as from ppint C to. '« "
point D in Figure 3. This fncrease occurs when sufficient energy: ..
Is imparted to the gas molecules to cause electrons to bredk away - -
due to collisions, This is the discharge (breakdown) mechanism, = -
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1f the proper voltage is applied to a low pressure discharge lamp
with a serfes resistor, stable gas discharge wil)l be achieved
under suitable conditfons for discharge, This type of discharge
is termed "glow discharge®. When the discharge current is
increased, the cathode temperature rises due to the effect of
colliding positive 1ons bringing upon thermionic emission of
electrons and a resulting decrease in steepness of the normally
pronounced cathode fall, resultfng in a potential sufficient to
#1low creation of additional free electrons - the condition known
as arc discharge. Figure 4 shows the Radiant Intensity Spectral
Distribution for a deuterium lamp. For sparcely populated
samples, the deuterium spectrum exhibits singlet radfation in the
visible region and 1n the Lyman Region under low energy
excitatfon. As shown in Figure 4, the radiant intensity spectra)
distribution of a deuterium lamp reaches 4ts highest level 1n the
wavelength range 220-230 nm, falling off at longer wavelengths.

Electrical Requirement

The G5-5150 Deuterium Lamp requires 10 Volts from the G$-5120
Power Supply. The radiant intensity of the deuterium lamp is
nearly proportional to the lamp current, and thus power supply
regulation fs an important factor in determining the output level
stabflity. Thus & +0.1% output level stability requires s +0.1%
power supply regulation. The 6S-5120 Power Supply meets this
requirement. The G$-8120 1s a
constant current power supply for deuterium lamps commonly used
in continuous UV 1ight sources.- The automatic circuit function
Will offer casy lamp starting and stable operation. A1l lamps
with 2.5 and 10 Volt type filaments can be operated with the GS-
5120.

This fncludes most Tamps from a wide variety of manufacturers
such as Hamamatsy, Hestinghouse._8y1van1a. Quartz Lamper and
Cathodeon,
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Kinematic Socket and Alignment Jig

The deuterium 1ight source consists of the kinematic socket; théln

.'65-5150 Lamp, the GS-5120 Power Supply and 1s shown 4n F19ure ﬁfﬁgf
when correctly connected. The kinematic socket and alignment Jtg .

and an FEL 1000 Watt Tungsten Halogen Lamp are shown in Figureé. .

As shown in Figure 1 for the deuterium lamp, the stainless steeifffﬁ
posts are not connected to the lamp directly, but are used only -

~for alignment of the Yamp. The power for the lamp is suppliied td?

the lamp by three wires extending from the rear of the base. The;fj=”

lamp is aged for 100 hours at 300 milliamperes, then oriented and-

potted in the bi-post base, which is aligned withﬁl}f}iﬁ;
spectroradiometer according to the alignment 1nstructionsv91ven{ fg#fﬂ;,_
below in the Operation Sectfion. The lamp orientstion is chosénj[n;ﬁ”f_ R
50 as to minimize the variations 1n the radiation field about the ..
aligned position at 250 am, The deuterfum lamp is orfented so . ..
that the optical axis of the radiometer passes perpendicularly tq‘;f;iﬁﬂf7;:
8 plane defined by the front surfaces of the lamp base'post§.mfl I
Orientation of this plane 45 set in pitch-and-yaw to within +1° 7 °8
(approximately 2% flux change). This defined plane 43 set 50 cmlf;foiﬁ
from the entrance aperture of the radiometer. The optical ax1s.”59‘*"

also passes midway between the posts and 9.5 cm above: the bottom

of the posts. The deuterium lamp may be inserted 'in the ..

kinematic socket by tightening the spring loaded knurled screws, 

and inserting the two pins of the l1amp base into the socket. untill-?ﬂ‘ii

they touch the bottom of the socket. The alignment: of.the"ﬂ;f_5'=“
kinematic socket (Model 5000-17) 45 facilitated by using the - Jf’
alignment Jig (Model 5000-18). The alignment jJig consists of two - - . ™
ong rods potted into a base similar to the FEL lemp shown {n° . .-
Figure &, but with the rods extended up out of the epoxy block #s- W
well as below the block. A piece of glass is fitted between the - -
parallel rods with one face in the plane that is tangent to onei35ﬁ353 ;
side of the rods. On the front surface of the glass is & - -
- fiductal mark (a cross). The center of this fiductal mark is 9. 6.
cm above .the. end of the_base.of. the pins.and_centered..on. the_ j;"$f
optical axis midway between two long rods. The kinematic sockét: - = .-

should be mounted on a table which will allow 1t to be adjustedf‘ﬁ' '

in pitch-and-yaw. In addition, unless the radiometer has: x and“y555

motion, the kinematic socket should include this as ue11.,;$1ﬂéé;Tﬂsff
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the radiation beam from the deuterium lamp fs very d1rect10na]

the necessity of maintaining correct adjustment of the k1nenat1cy
socket using this alignment jig

is paramount to insure that.
frradiance values given o ‘

are correct.
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NEW Dz LAMP STANDARDS GF SPECTRAL IRRADIANCE
L. A, McSparron

For the past four years, NBS has issued 0, lamp standards of spectral {rradiance cover-
ing the spectral range 209-350 nm (ORN #14, March 1976). The uncertainty has been estimsted
to be 6% absolute and 2-3% in relative spectra) output, Further, NBS has strongly urged
customers also to obtain & tungsten, quartz-halogen, type FEL lamp standard of spectral
irradiance and normalize the reported D, spectral irradiance va\uesrto the FEL values at
the time of measurement. In the past two yesrs a disturbing number of problems with the
issved 0, lamps (manufacturer A) have been reported by customers. Most of the raported
problems ralate to a "shelf effect". Of the approximately 50 i¢sued lamps, 10-16% have been
observed ta shift in absolute output by 10-25% aftar sitting, unburned on a shelf for 2-6
months. In al) but one case, the observed shifts were in absolute output only, 1.8, the’
relative spectral output held constant to 2-3%, Thus, {f customers were following the
recommended procedure of normalizing against a typa FEL standard, the reported uncertainties
would stii1 hold. The one exception noted above involved a lamp hand-carried to another
government agency in the Washington, D.C. area, and later vechecked at NBS. The observed
shifts in relative spectrum was on the order of 5-10%, and even this case would have been
revesled if the recommended normalization against an FEL had been used at more than one
~avelength (250 nm and 300 nm are being recommended). The causes of these shifts have not
vaen definitively determined. However, one or more of the following effects are believed to
be fnvolved: restriking of the arc at different points on the heater filament, impurities

in the tungsten heater filament, outgassing of the lamp envelop, salective window contamina-
tion, and slow gas teaks.

Obviously, the 1ssued 1amps have been far from idea) as standards. After discussions
with manufacturers and customers, and limited testing at NBS, a new D, lamp has been chosen
for issuance (manufacturer 8), As before, the new lamp has been mounted in a medium bipost
base with the optic axis 9.5 cm above the bottom of the base pins. This mounting allows
easy optical alignment and preserves compatibility with the type FEL standards. The elecr
trical operating circuit is identical, although there are minor differences in the electri-
cal parameters of the heater circuit (10 volts, 0.8 amps for the new lamps vs. 4 volts, 5
amps for the old)., The spectral frradiance values are approximately the same for both types,
NBS testing of the new lamps has covered about & months, No "shelf effects" have been ob-
served. However, ft should be emphasized that the problems with the lamps from manufacturer
A did not reveal themselves until several years experience had been gatned.  As of July, 1980
NES will supply D, lTamps from manufacturer B. Customers are strongly urged fo use the
recommended normalization procedure against an FEL. Customers are atse urged to report

roptly any adverse experience with the mew lamps to D. McSparron {telephone: (301) 921-3613
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Nopgy_ 085150

" SERIAL NC.

DL 116

ON 16 August 1982

in Licrowatts/cm® nm at & distance of 50.0 cm at right angles'

the Spectral Irradiance of this laﬂp

to the plane of the froent of the bi

B line halfway between the pins and 9.5 om

“pest pins on the base in

bottoms was determined as given delow,.
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REPORT OF CALIBRATION

yopgy,_ 055150

SERIAL No. _DL 117
oN 16 August 1982

in Hiorowatts/omz'nm at a distance of 50.0 cm at right angles
[ ]

the Speotral Irradiance of this lamp

+0 the plane of the front of the bi-post pins on the base in
a line halfway between the pins and 9.5 om above their
bottome was determined as given below.

WL Value 11 1.9?51§—g§
200 %.5344E-02 398 1IieEnli
205 5,0698E-02 315 1,5239E-02
210 4,6621E-02 220 §.4696E-02
215 4,3304E-02 325 1,4368E~Q2
228 4,2618E-02 330 1,3474E-02
225 4,4265E-82 435 1,2508E-02
306 4,5824E-02 340 1,204%9E-02
235 4,8894E-02 345 {,1291E-02
240 4,804GE-02 3%0 -1,0605E-02
245 4,.GE58E-02 355 9,9608E-03
%0 4,1765E-02 368 9,3118E-63
265 3.8941E-02 36% 8,6914E-0%
2é@ Q2,57S52E-0Q2 270 B.2621E-02
2¢% g.aggég-ﬁg 375 7.7078E-032
2:2 F.QEENE-02 380 ?.6996E-G3
gr% &, TEYIE-0E A% 7.0453E-0%
280 2,ST3iE-G2 3838 €,.6798E-07
ggg %.?géis-ga 295 £.5064E-0Y

H ' lf"bf‘:- R 3| -0
230 g lmag-ns 400 &,Z2399E-03

«

DONALD M, WEEB
QUALITY ASSURANCE NANAGER

7751748
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ronu NEt-a44
(wev. 43)

U.8. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF BTANDARDS
WASHINGTON, D,G. 20234

REPORT OF CALIBRATION

, of
FO8 Source

Supplied to:
Martin Marietta Corporation
Denver, Colorado

(8ee your Purchase Agreement number XH2-135220, dated July 16, 1982,)

Material

One specially designed irradiance teat fixture was suppliaed to NBS by the

Martin Marietta Corporation, The fixture was designed to be used as a calibra-
tion source for the Faint Ohject Spectrograph used in the Space Telescope. In
the remainder of this report, the fixture will be referred to aa tha FOS source.
Included with the FO3 source were two FEL lamps deaifgnated G8~179 and GS-180,
two deuterium lamps designated DL116 and DL117, and three barium eulphate
diffusers designated #1, #2, and #3 (#1 was used only for alignment).

II.

Calibration

A, Method

The measurements were done in two parts, From 300 nm to B50 nm
the spectral irradiance was measured directly. Below 300 nm the
epectral irradisnce of the FOS source was too low to measure accurately
uaing the irradiance measurement mode. Spectral radiance mesaurements
were made and the apectral irradiance was calculated from the geometry
of the optical system.

The spectral Irradiance measuremente were performed using & spec-
trovadiometer with a 3.5 cm diameter integrating sphere with a 7.5 mm
diameter entrance aperture to collect the flux from the sourca. Averagae
spectral irradiances of the test sourca over the apectral alit width of
the instrument were determined by spectral comparison with a previously
calibrated 1000-watt type FEL lamp standard of spectral irradiance
designated F~30. The spactral slit width of the radiometer varied from
approximataly 5 nm at 300 nm to 7 nm at 850 nm.

NBS Teat No.: 534/228917

Decembar 17, 1982

Page 1 of 10
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Below 300 nm the epectral radiance was measured at the specified”. - -~
location for which the irradiance was desired (point A in figure 1). -
The spectral radiasnce was determined by & spectral comparison of the-
test source with a previously calibrated lamp etandard of spectral N
radiance designated Q66. The solid angle of the FOS source was caleu- -
lated from the geometry of the test fixture with the obscuration )
aperture in place, and this number was multiplied by the spectral "~ ' - ..-
radiance to yield the apectral irradiance, -The solid angle of the FOS ’
source was determined to be 1.16E-3 steradians, :

Measurements were made using both FEL lampe and the #2 and 03 .
diffusers from 250 nm to 850 nm and using both deuterium lamps and the
82 and {3 d1ffusers from 200 nm to 300 nm. Lower level measurgmenta =
were made in the radiance mode using G5-179 and the #2 diffuser from . -
350 nm to 850 nm. B

B. Conditions

For the spectral irradiance measurements the FOS source wae oriented. .
(see figure 1) so that the horizontal optical axis of the spectroradi~
ometer passed through the center of the opening in the detector aupport T
mount at poirnt B, through the pinhole on the obscuration aperture at pointfja;"'
C, and to the center of the cross acribed on diffuser ¥1 (used only for
alignment) at point D. The FOS source was tzanslated horizontally until:
peint A, lacated 36.1 cm from point B and 79.4 cm from point C, was -
positioned at the center of the opening of the receiving aparture of the o
integrating aphere.

For the spectral radiance measurements the FOS source waa again
oriented so that the optical axis of the spectroradiometer passed through o
pointe B, C, and D. It was translated horizontally so that the point A
was imaged onto the entrance slits of the monochromator. The detector - e
support mount, the filter mount, and the obscuration aperture were removed.“ '
before the mpectral radiance measurements were made, The eolid angle .-
seen by the spectroradiometer was determined to be approximately 0. 6455-3
steradians.

All lamps*were operated at the same current for both the spactrél'f_ RN
irradiance and the apectral radiance measurements. Both FEL lamps, G8-179.. -~
and GS-180, were operated at a power supply dial setting of 8.0l1 which . -
corresponded to a lamp curvent of 8.000 esmperes. Both deuterium’ lamps. .an ey
DL116 and DL 117, were operated at the set point current determined by the“ e

NBS Test No.: 534/228917 o . RS
December 17, 1982 Page 2 of 10
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deuterium lamp power supply (lamp current was not measured). Lamp 85-179
was also operated at a power supply dial setting of 6.311 to give a lower
output level,

III. Resulta

Tables X through V give the spectral irradiance of the FOS source at point
A (see figure 1) for the various combinations of lamps and diffuasers. Table VI
givee the uncertainty estimate in the reportad spectral irradiances. The largest
contributor to the uncetrtainty was the preeision in the spe¢tral comparison
massurementa of the FOS eource to the standard lampes.

Praparaed by: Approved by

\Q’_..-- SRR ﬂrrn-autda-?ﬂ-'x/ewuwm
Jhmaa H. Walker Donald A. McSparron
Radiometric Physics Divielon Radiometric Physics Divieion
Center for Radiation Research - Center for Radiation Research

NVBS Test No.: 534/228917
Dacamber 17, 1982 Page 3 of 10
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WIiTB

WAVELENGTH

({NMD

230
240
270
280
290
300
azs
aso
400
450
500
5%0
400
454,
700
7%0
80O
B850

TABLE !

EPLECTRAL IRRADIANCE OF FOS SOURCE :
LAMF GB-179 AT B8.011 DIAL BETTING (8 .000 AMPERES)

SPECTRAL 1RRADIANCE
WITH DIFTEFUBER 42

(W CM* -3)

S.926-0%
1.0%E-04
1.83E-04
2.85E-04
4.28E-04
6.28E-04
i.92E-03
2.76E~03
?7.95E~-03
1.%2E-02
2.53E~-02
3.59E-02
4.71E-02
§.74E-02
6.44E-D2
7.14E-02
7.5%E=-02
7.89E=02

NBS Test No.: 534/2208917
December 17, 1982

A-36

FOS,Soufce[“ljf

BPECTRAL IRRADIANGE
WITH DIFFUBER #3°% -
. XY EM*-3) o

&, 07E-0%
1.08E-04
1.828-04
2.85E-04
4.28E~-04
6.31E-04"
1.44E=02 . . - -
2.78R-03 . -
?.54E-03
1.52E-02
2.52E-02 . -
3.88E-02" - ..
‘4,4BE-02 ..
$.7%E-02
§.45E-02.
7.13E=-02 L
7.58E~02 -
B8.14E-02 - -]

Page & of 10. 1%
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TABLE ¢

HPECTRAL 1RHRADIANCE OF FOS BOURCE
WITH LAMP GS~180 AT 6.011i DIAL BETTING (8.000 AMPERES)Y

BPECTRAL IRRADIANCE BPECTRAL IRRADIANGE

WAVELENGTH WITH DIFFUSER &2 WITH DIFFUEER #3
(N1 (W CM*“=3) (W CM*=3)
%0 §.47E~0% &.48E-D5
260 1.13E~04 1.19E=-04
270 1.71E-04 1.90E=~04
280 12.97E=-04 2,94B-04
290 4.478-04 4.43E-04
300 §.52E-04 6.51E=04
2% 1.47E=03 1.47E-03
Iy 2.79E=03 2,87E-03
400 7.74E-02 7.76E-03
150 1,66E~02 1. .B4E-02
$00 2.5458=-02 2.%7B-02
$50 3.67E-02 3,46E-02
4§00 4.776-02 q4.78E-012
4%4q.4 $.06E~-02 $.03E~-012
700 6.55B-02 §.54E-02
750 7.24E=02 7.23E=02
hoo 7.418=02 7.69E~02
as0 8.,04E-012 7.98E~02

¥
NBS Test No.: 534/228917
December 17, 1982 Page 5 of 10
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‘TABLE 111

ZYECTRAL IRHADIANCE CF FO2 S0OURCE
WIUTH LAMP DLL114 AT OPERATING CURRENT

BPECTRAL 1RRADIANCE BPECTRAL IRRADTANCE

WAVELENGTH WITH DIFFUBER #2 WITH DIFFUSER 43 .~

(NM) (W CM*-3) (W CM*=38) - -

200 4.53E-0% 6. 19E=05

250 B.S4E-05 9.09E-08

220 9.8BLE-0% " 1.03E~04. .

280 1.14BE-04 ‘1.20E-0Q .

240 1.21E-04 1.22E-04

250 1.11E-04 ' 1.11E-04

aco0 . %.29E-0S 5.39E-05

NBS Test No.: 534/228917
December 17, 1982 . Page 6 of 10
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TAHLE IV

SPECTRAL IRRADIANCE OF FOS BOVRCE
WITH LAMP LL117 AT OPERATING CURRENT

SPECTRAL TRRADIANCE

WAVELENGTH WI1TR DIFFUBER A2
(NM) . (W CM*=3)
auo 6,93E-0%
210 1.158-04
220 1.22E-04
239 1.A0E-04
240 1.493E-04
250 1.81E-04
800 6.13E-0%

NBS Test No.: 534/228917
Dacember 17, 1982

A-39

FOS Source

BPECTRAL IRRADIANCE
WITH DIFFUSER #3
(W CM*~3)

.08E=-01
.24E~04
.32E-04
.49E~04
1,.49€E-04
1.84E-04
§,22E.0%

[ o N

Page 7 of 10
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TABLE V

SPECTRAL IRRADIANCE OF FOS BOURCE:
WITH LAMP C8-179 AT 4.511 DIAL SETTING

SPECTRAL IRRADIANCE

WAVELENGTH WITH DIFFUSER #2
(NM) (W CM*=3)
50 3.8BE-04
130 3.19E-023
358 1.04E-0D2
65%4.6 1.95E=-02
8%¢ 2.73E=-02

NBS Test No,: 534/228917 T e
December 17, 1982 _ Page B ofj 10 .-
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TABLE V!

UNCERTALINTY EBTIMATE IN
REPORTED SPECTRAL IRRADIANCESR

WAVELENGTH : UNCERTAINTY
(NM? %)
00 23
2190 18
%0 8
aso0 ?
654.¢ $
a%9 7

NBS Test No.: 534/228917
Decenmber 17, 1982 _ Page ¢ of 10
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APPENDIX B

DESCRIPTION OF VACUUM BTOS
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APPENDIX - B

VACUUM SPACE TELESCOPE OPTICAL SIMULATOR

INTRODUCTION

The Vacuum Space Telescope Optical Simulator (VSTOS), has been designed

and built to provide the Faint Object Spectrograph (FOS) with an absolute
radtometric calibration standard, The VSTOS 1s a éomp]ex unit which houses a
series of five UV 11ne and continuum lamps which are mounted on a stepper
motor-driven rotatable carousel, The lamps can be remotely commanded into
position to 11luminate an inverted Cassegrain optical system which, inturn,
f1luminates the FOS aperture with a properly formatted, centrally obscured,

F/24 optical beam, that simulates Space Telescope optical fmaging performance.

This unit 1s mounted on a platform structure, and enclosed with a hemispherical
shroud, as 11lustrated in Figure B-1, The entife assembly 1s structurally
mountad and aligned with the FO5 support fixture to provide proper 11lumination
onto the FOS aperture focal plane, An external controllar unit contains an
array of switches which select the appropriate tamp to be used, and positions
it to the optical feed assembjy. Separate power supplies are used to operate

each lamp, 1in conJungt1on with the controlier box.

In practice the VSTOS provides a stable array of 11ne and continuum UV sources
which have been used to provide an absolute radiometric calibration of the FOS

over the wavalength range 114 to 350 pm,




A small vacuum chamber was refurbished in order to provide a vacuum
enclosure by which the VSTOS could be caltbrated at the National Bireau of
Standards. Details of this calibration, and the results are included as
‘part of Appendix C of this report.

For FOS calibration, the entire unit was installed, integrated, and aligned
with the FOS by means of its mounting interface, The combination of FO$ and
the VSTOS were placed in the large Thermal Vacuum (T/V) chambar at MMDA, for
operatfon and use with FOS. Absolute radiometric calibration of FOS was
successfully parformed dur1ng several (T/V) tests conducted in 1983 and 1984,
Further details on the 1amps and power supplies are 1ncluded here for referv
ence, as well as the NBS reports of the VSTOS calibration results.

Rlguree B=2 thru B-6 illustrates the VSTOB Carceel, bapeplate and optical
system, a8 well as the Vacuum chamber used for its calibration at NBS,
Figuree B-7 and B~8 show the Quantatee continuum lamp configuration and power
supply/controller, raspecfively. rigure B-9 ehowa the spectral radiance
distribution for the various Quantatec lamps. Finalley} Figure B=10 illustrated

the configuration of the Resonance LTD. Argon lamp used in the VSTOS.
The line sources used, the PtCrNe hollow cathode lampe built by Westinghouse,

are deseribed separately in a Johne Hopkins University Report, Davidsen et al

JHU report,1983.

B-3




y
iR

AP BTN\

bkt St LT O

Y

frosTETTeT







- %

i i e S e mm M o mm mm mm mw mm mm




FLGURE B-4 VAZUUM CHAMBZI. USEC
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FIGURE B-6 MBS NONCCHRD}MATOR VIEW OF VACUUM CMIBER USED FOR VSTOS CALIBRATION
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FIGURE B-7  QUANTATEC LAMP CONFIGURATION
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CONTROL FUNCTIONS

Lamp:
Oscillator Voitage:
Sowrce Heater:

READOUT FUNCTIONS

+ 15V, 28V, VARIABLE OSCILLATOR
VOLTAGE:**

HTR PWR*:

TEMP*:

TEMP SET*;

On/OHf or Modulated operation
Variable from 20-35 volls

Amtormatic Heater conlvol for alomic
sources

Voitage readouts of power supplies
Indicates power inlo source healer
Actual temperature of source

Setting temperature of source

Intensity of visible fight {arbilrary scale)
intensity of RF generator (arbitrary scale)
QOsciiator current

Circuit board temperature

*Indicates BNC comnection at rear for recorders
= pyaable at rear for use with 385. 396 and 399 Excllers. The +15 volls source can supply 1.2 amps,
and the variable source can supply 1.5 ampe.

POWER REQUIREMENT
w 115V, 60 Hz @ 1 ampere

“DIMENSIONS
12" x5 x 14"

LAMP POWER SUPPLY
| CONTROLLER UNIT
MODEL 226-C

,hi

FIGURE B-8 QUANTATEC LAMP POUER SUPPLY
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NATIONAL BUREAU OF STANDARDS
NATIONAL MEASUREMENT LABORATORY

CENTER FOR RADIATION RESEARCH

RADIOMETRIC CALIBRATION OF THE VSTOS

Contract No. RH4-117766
Martin Mar{etta Denver Aerospace

Qctober, 1984
by

Jules 2, Klose




STATEMENT OF WORK

FAINT OBJECT SPECTROGRAPH (FOS)
VACUUM ST OPTICAL SIMULATOR (VSTOS)

RADIOMETRIC CALIBRATION R

Objactive; Perform absolute radiometric calibration of the FOS o .
VSTOS from 120nm to 300nm, . .

Calibration: This calibration is a repeat.of the VSTOS calibration - -“‘
completed in May 1984. The £/24 output of the VSTOS from each of .the five -

lampg will be measured and compared with the known output of an Atgon ) .-;-”'
winiarc lamp, -

Equipment: Martin MarietCa Denver Aerompace (MMDA) will deliver
the VSTOS, power supplies, test equipment and vacuum chamber and - '
associated pumps to NBS and will return them to MMDA. NBS shall supply e
the vacuum monochromator and associated equipment eand the standard. lamp._f'l}j
KBS will provide support for unloading and loading the vacuum chamber st:. .- :
the receiving bullding and transportation between there and building 221.:-

Report: NBS shall reduce the data and provide amn 1nforma1'fgCter re§§gt§f
Contacts: MMDA = Joe Vellinga (303) 977-3372

NBS Adwinietrative = James Harmuth (301) 921—2707
NBS Technical - Dr. Jules Rlose (301) 921-2356

c-3



Figures 1 and 2:

The data displayed in Figs, 1 and 2 was obtained using a wint~arc with an
aperture of 0,016 in, The distance between the arc center-and & 1 mm aperture

mounted on the entrance s1it of the NBS Seya-Namfoka monochromator was 22,26
tn.
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Figure 3;

The curve shown 1n Fig. 3 was obtained from map data such as that ;hovm-ih_ L
“Figs. 1 and 2 but for the entire range of wavelengths, The compiete body of
data was treated according to the map sample weights distribution over fi24" -

with 8 0,37 central obscuration for the NBS Seya-Namioka monochromator.
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Figures 4-8;

These figures give the spectral {rradiances for the H,, Ar,’ and Kr Jampsjin‘

the VSTOS. These curves are plots of the post-FOS calfbration dafa except as Chl

fs noted for the Ar lamp. The measured values were corrected for the

efficiency of the NBS monochromator over f/24 with a 0.37 central .

obscuratian.
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TABLE . Line irradiances of Pt~Cr-Ne lamp 1 wifh ‘a diffuser operated at" 10 mA ;

In the VSTOS prior to and subsequent to the calibratfon of the FOS. .

A(nm) Species E{uW . cm2) -E' (WM . en=2) & l
pre-FOS cal. . post-F0S cal, - :
152.4725 Pt 11 3,04 x 1078 273 x 00 L
162.1658 Pt 11 - 1,05 X 1075 1 l
_ 1668987 Pt II - 1,06 x 1075 I
[ 172.3128 Pt 11 1.97 x 103 2,03 s o0 B
191.6083 Ne 11 1.59 x 10~ 1.26 X 10°4 [ |
214.423, 424 Pt 1, 11 1.00 x 10~ 9.29. X 10~
217,467 Pt 1 8.54 x 10-5 6.93 % 1075
226.2662 Pt 11 3.42 x 1078 A xi08
235.7104 Pt 1 - 2.27 x 1078
253,9200 Pt I 3.43 x 1075 - . 3.25 x 105
262.8031 Pt 1 1,07 x 10 - 9.96 x:105" . . ..l
273.3961 Pt 1 1.56 x 104 138 x 0
292.9795 Pt 1 1.68 x

10-4 .

1,55 x 104




TABLE 11. Line irradiances of Pt-Cr-Ne lamp 2 dperated at 10 mA {n the VSTOS prior

to and subsequent to the calibration of the FOS.

A(nm) Species E(uM . cm?) E (u¥ . cm2)
pre-FOS cal. post-FOS cal.
124,860 Pt 11 00156 00116
140,3896 Pt 11 00261 .00180
152,4725 Pt 11 - ,00730 .00529
162.1658 Pt 1 0011 .000918
166.8987 Pt IT ,00201 .00148
172.3128 Pt It 00215 00174
191,6083 Ne 11 0172 0116
214,423, 424 Pt 1, 1I 0113 .00838
217,467 Pt 1 .00863 .00701
2262662 Pt 11 .00386 .00297
235.7104 Pt I 00297 00227
253.9200 Pt 1 .00333 ,00261
2628031 Pt 1 016 ,00910
273.3961 Pt 1 ,0145 0124
292,9795 0183 L0150




TABLE I11I. Spectral irradiance of the hydrogen lamp operated in the . VSTOS }lzdt:[‘én;’_':

gagmator setting of 28 volts prior to and subsequent to the calfbration of the . _".":

A(nm) Ey(uW . em=2 |, pp-l) Ey (W . em=2 , nm"l) L
pre-FOS cal, post-FOS cal. . - LR

170.0 .0193 . 0168
180.0 .0720 . 0652
185.0 - . 0800
190.0 .0935 0847
200.0 100 ‘ .0928
210.0 | 105 02
215.0 . 103
220,0 101 100
230.0 .0l : 0916
240.0 .0768 o 40801
250.0 .0665 _ - .0693
260.0 .0572 .0598.
270.0 .0496 L0611
280.0 .0430 o2 E
290.0 .0381 0396,
300.0 .0347 0361




- TABLE 1V¥a. Spectral {rradfance of the Ar dimer lamp operated in the VSTOS at a
powar level of 6.13 W prior to and subsequent to the calibration of the FOS.

A{nm) Exlud . cm2 , nml) Elx(uu . e~z , nm1)
pre-FOS cal, post-FOS cal. -
120,0 .000494 .000422
122.0 | .000600 .000913
122.6 .000553 .000970
125.0 - : .000869 00174
127.5 ' - .00224
130.0 .00109 .00197
135.0 .000411 _ .000645
1400 :000157 ' .000208
144.0 ,000128 .000147
146,0 000145 : .000149

c-18




TABLE IVb, Spectral {rradiance of the Ar dimer Tamp operated 'In the VSTDS at a I '
power level of 6,13 W prior to and subsequent to the caHbration of . the FOS.

A(nm) Ex{ud o em2 . nm1) Exfui o pey nm‘l)
pre-F0S cal. post-FOS ca1._‘ :

220,0 8.39 x 10-5 9.76 x 10 RS
225.0 8.48 x 105 e
227.5 8.68 x 10-3 1.00.x 104 I
230.0 ' 8.72 x 10-5 - R07 x0T

235.0 8.91 x 1075 1.00 x 104 - L
240.0 8.95 x 10-5 | 1.10 'x 104 ". il
250.0 9.07 x 10°5 1.13 x 10-%
260.0 9.30 x 0% 1,15 x 1074 -

270.0 9.86 x 10~ ' 198 xj074
280,0 1.03 x 104 - 1,28 x 0% -

|

i

i

2200 1.12 x 107 . lesx e l
SR

i

|

|

300.0 1.16 x 10 _ 1.23 x 10

c-19 ' RO l
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