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I. - INTRODUCTION -

The act1v1t1es described in this report were 1n1t1ally directed
toward observatlon and 1nterpretation of the spectra of 0.2-3 keV
ﬂ'photons from discrete sources and the diffuse background. It was
assumed that the h1gh dens1ty of galactic matter at low galactic lati-
--tude would lead to measurable absorptlon effects for the less energetic

:photons Although no relevant measurements had been made when the
.investigation was proposed in June 1965, by 1968° absorptlon effects in
:the spectra of dlscrete sources were becomlng fairly well documented
, through the efforts of other experimental groups. Partly because of
‘gthis, the investlgation was redirected to 1nclude the location of
X-ray sources as well as 1nformst10n on their spectra. Furthermore,

absorptlon effects of extragalactlc matter were sought

, 1This report'briefly discusseS‘the overallveffort, and then pre-v
sents in some detall the characteristics'of the x-ray detection system
that: was to be ‘the prlmary source of x-ray ‘data. The initial version
of this system was described in the January 1966 final report to
Contract NASW-909, and by Fisher and Meyerott (1966) ' The present
'report concludes w1th a preliminary assessment of- the results from ‘the
_vsuccessful use of the detection system during a June 1971 rocket flight.

- II. THE EXPERIMENTS

A 'The basic procedure for making Observations was to slowly'scan
"~ the fields of view of rocket-borne detectors across selected swaths of
- sky. The Attitude Control System, ACS, developed at NASA's Goddard

' Space Flight Center, vas used to pos1tion the rocket properly ‘at the
start ‘of each scan, and then to carry out the prescribed scan maneuver;'
The principal x-ray detection ‘system, designed for 0.2- 3 keV x-rays,»
employed x-ray:optics and thin-window gas-flow proportional counters,_
The X-ray optics‘consisted of a nested array of mirrors that'f0cussed



an incident‘plane wave of‘x-rays to a line shaped image. The focussed
X=rays were detected by a proportional counter. :This system was
supplemehted by a Be-window gas-proportionsgl counter,for 2-20 keV X-rays.
The eneréy'was measured for each xeray detected. Optical aspect infor-
vmation‘was to be obtained with the aid of star trackers and a camera.
-All,instrumentation.viewed the'sky out the forward ehd of the rocket,
after the hOSé coue had heen-ejected Two complete rocket payloads

were fabricated the flrst for an Aerobee 150, and ‘the second for an
.Aerobee 350 O ' "

"The first payload was flown on Aerobee L, 187 on 25 August 1967.

‘ To minimize errors in roll an ACS with a roll-stabilized platform was
.employed. The observ1ng program was based on three slow scan maneuvers.
The first two slow scans were 15 long and normal to the galactic
equator at lohgitudes.of.20 and 0°. The third maneuver was to scan
the detectorsiower'the:x-ray,source ScoiX-l.' Three'difficulties were

'ehcountered ih'carryingvout this effort.

_ " The first difficulty was that the mirrors of the X-ray optics
were not sufficiently rlgid and departed appreciably from the desired
parabolic curvatures. Radiation from a distant on-ax1s p01nt source :
could not be brought to a sharp focus. Tmage blurrlng was such that a
'pair of sources separated by as much as 20 arc minutes could not be
'resolved. Although the inherent focussing capability of the x;ray
optics was not realized; this was not a serious failire because the

first rocket flight emphasized measurement of x-ray spectra.

* The other two difficultiesvwith the Aerobee U4,187 experiment
‘were serious. -First, the programmed slow scans did-not traverse the
desired portions of sky because of a large error incurred in an
earlier roll maneuver. The three maneuvers had been carefully ar-
- ranged so that both discrete x-ray sources and v1s1bly-br1ght stars
could be observed. Because these scans were displaced appreciably,

known low-latitude x-ray_sources were not observed and star-tracker



data were inadequate to provide vehicle aspect. Failure to locate

and recover the payload caused loss_of the aspect information which
would have been provided by the camera film. Consequently, 1o use-
ful X-ray data were obtained from the flight of Aerobee 4. 187, and

no payload was available for the second fllght requlred by the

contract..

" Fabrication of a second payload, for Aerobee 17 08, was begun
in the fall of 1968 To obtain longer source observ1ng times for
~ increased sensitivity, shorter scan_maneuvers and slower scan rates
were required than those available on Aercbee 4.187. These require-
ments were met by a STRAP ITI attitude control'system and ratee
integrating-gyros;' The observing program for Aerobee‘l7.08 consisted
of .03 deg sec’l scans over NGC 4151, 30273 and a portion’of the
Virgo Cluster including M 87 and M 84, The flight concluded with a
scan’ over Sco X-l at a rate_of,O.2 deg sec l. The three difficulties
encountered on Aerobee.h 187 were‘all surmounted with the Aerobee 17.08
payload. The instrumentation on this payload performed very well
during flight. The remainder of this report is concerned with a des-
cription of the primary x-ray detection system on Aerobee l7 08 and
some Of the flight results that were obtained

III. X-RAY-OPTICAL DEFECTION SYSTEM

A. Optical Design
The success of the Aerobee 17. 08 experlment required an ability

to observe soft x-rays and accurately locate the source of their
emisSion. An optimum detection system'should‘have large effective
aperture, good angular resolution, a relatively small detector (in-
order to help minimize particle related background effects) and the -
ability to reject non-x-ray pulses The optical portion- of these
requirements was met by the system shown schematically in Figure 1.

The apparatus is not a true telescope as it provides a line'image,
rather than a point image, of a'distant point source.
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The:ﬁertical scale in the cross sectional vien'given by Figure 1
has been expanded-tenfold relative to the horizontal scale in order
to.more clearly 1nd1cate the basic components of" the system. The
'Stlppled bars represent a side view. of the eight rectangular mirrors
which have been formed into segments of parabolic cylindrical sur-
:faces posses51ng a common focal_line B and a common axial plane AB
i(both B and AB are shown in cross:section)' ‘The desired redundancy
of detection was obtalned by use of two separate proportlonal ‘counters.
The d1mens1on of the detector entrance windows in a direction normal
to the plane of Figure 1 is the same as the width of the mirrors in
“that dlrection The mirrors have been stacked as closely together as
poss1ble w1thout having any mirror obstruct the passage of rays bound
for either. detector w1ndow from adJacent mirrors (e1ther before or

after reflection)

- One of the detector w1ndows lies on the axis of the reflectors
and another wider window 1s approx1mately 26 arc minutes off-axis.
_When proJected back through the mirrors onto the sky, these windows
have fields.of‘view which are 6 arc minutes wide for'the‘on-axis
- detector and 20 arc minutes for the off-axis detector. The angular
.response in this direction'is néarly rectangular, and the widths
given are the approximate~full widths."The angular response of these
Windows.in.the.other dimension is triangular in shape with a full
width of 18 . Figure 2 shows the detection system constructed for
: Aerobee 17 08. '

A'For perfect focussing the parabolas should have:been of the
.2 : ’ ' g L

“form y = Q(x + Q/h) with the respective values of Q listed below.
~ The order in this 11st is -that of the mirrors shown in Figure 1,

' running from top to bottom
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05‘506479 : Q. ), = O ou3561".f:“'

Y
Q, =-‘o‘,‘.‘_161h81‘ k Q_5 = 0.0_99571-_:.'”_
Qg =0.0TBM3S - Q, =0.180566

The asymmetry of these parabolas was dictated by the asymmetric

locatlon of the outer edges of the two detector entrance w1ndows

The baffles shown 1n Flgure l were placed s0 that they did not
obstruct rays whlch would enter a detector w1ndow via reflectlon
from the mlrrors All other rays were 1ntercepted elther by the
.'baffles or non-reflectlng portlons of the mirrors. The adopted
' locatlon of the. baffles was not unlque, but that whlch requlred only
a modest forward exten51on of the baffles 1nto the space at the
entrance end of the reflector array ThlS extens1on was arbltrarlly
restrlcted to some ten percent of the dlstance between the focal plane

and the leadlng edge of the m1rrors

_ Flgure 3 shows the. geometry used for. determlnlng the equatlons
of the baffle positions and the useful (reflected) and leakage
~(unreflected) beam dlmen31ons The outer edges of the detector
_entrance w1ndows and the s1ze, position, and shape of - the mirrors in.

- the array determlne the position and dimensions of the baffles.

The p031t10n of the 1nner baffle for each m1rror was evaluated
Tirst. By writing the equatlons of the lines represented by ray A
and ray B and finding thealntersectlon of thesé two lines, one can
determine the position of the edge of the imner baffle for each |

‘mirror:
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KL tan dD +G -y
X, =
i tan o + H/L - yD/L

. H -y
Coye = ( D ) x, +y.
i L i7" 7D

Similarly, the position of the edge of an outside baffle for a given

mirror is determined by the intersection of ray C and ray D, so that:

L tanay + yU -H
0 ¢ tan o + yU./xi - yi/xi

<L
o .
]

' where' ,
a) the coordlnate system orlgin is in the detector entrance plane, _
: b) yﬁ and yD are the y coordinates of the upper and. lower limits of

‘a detector aperture,,

e)

(kL G) and(L H) are the coordinates of the ends of the reflect--'
ing faces of the mirrors; where (kL, G) refer to‘the end nearest
the detector, ' A ' | R

a). aU and aD are the angles the 1ncident radiatlon must make with

respect to the x-axis in order to be reflected to the upper and

. lower limits respectively of the detector aperture

' In actual practice, the baffles were constructed from ground

steel rods, whose curved surfaces contained the baffle extremes de-

fined by ¥y and y above. Appendix A contains the code used to

calculate the precise values of the: coordlnates for. the limiting ,

'edges of the baffles.

B. Fabrlcatlon of Mirrors

Each mirror was. produced as an optical flat ‘The basic component

was a_12 inch x 20 inch sheet of instrument-grade, HP 20, hot-pressed

benyllium.. This substrate was chosen because of its high strength-to-

weight ratio.: The non-reflecting side of each sheet was machined to



form s series.of’stiffening'ribs which were parallel to the 12 inch
dimension of the mirror. Stresses invthe beryllium created during

. the machining process were relieved by temperature cycling the blanks
. while they were pressed between a pair of heavy steel plates.
 Acceptable annealed blanks were required to be flat to within .003
inches'over their entire surface. Each of the coating materials’
which was deposlted on the Be substrates was approx1mately 90 percent
nickel and 10 percent phosphorous. Six of the mirrors were cogted
with. 005 inches of Kanigen, and two were coated Wwith .010 inches of
Nye.Kote. These trade names refer to the process by which this material
was depos1ted After the nickel coating, a pair ‘of blanks were set in
wax on a supporting table and the mirror surface creagted by conven-'

“tional optical grinding and polishing techniquesr

The curvaturesrequired of the mirrors were attained by press1ng
each reflector against a pair of parabolic aluminum templates which
extended along the edges of its 20 inch dimens1on ~ Force was applied
'.to each rectangular mirror along these templates by the manner shown '
1n Figure 4, Forty compress1on springs pressed the reflecting face
of the mirror against forty precisely machlned pads on each template, ':
thegPadS lie on chords of the required parabola t6 within about 0.0001
inch Porces applled by these springs ranged from 13 to 18 pounds

with the greater force at the ends of each mirror..

C}t Parabolic Nature of Individual Mirrors
~ We were quite aware that this method of fabricating the mirrors

would not yield reflection optics of telescope precision. - However,
it seemed clear that this approach would fulfill requirements of the
_ proposed experiment We foresaw in genersgl the departures from °
perfect parabolic cylindricity, realizing that even if the supported
. edges could have been brought to perfect parabolas; the intermediate
-‘areas_would have assumed other curvatures subject to the reluctance

of all parts of the mirror to comply with the deforming forces.

10
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Figure 5 Cross sectional view of the various Be blanks used in
- fabricating the Aerobee 17.08 mirrors. The dimensions are
given in inches.



The fllght experlment requlred that the departures from desired
curvature lead to a degradatlon of angular resolutlon that was substan-
tially smaller than the 6 arc minute wide entrance to the on-axis de-
tector of Flgure 1. As dlscussed later, the 17. 08 reflector array

satisfied this requlrement very well.

"Aerobee 17 08 mirrors were made with stifféning ribs one- haif
inch w1de, rather than one-quarter inch wide as were the L. 187 mirrors,
to provide greater rigidity. Mirrors were fabrlcated to the three
différentfcfoSs~sections shown in Figure 5. These gonfigurations
were chosen to ‘determine the sensitivity of a mirror's figure to

simple variations in its construction.

Flgure 6 1ndlcates the response obtained from mlrror B when
constralned by parabollc guldes hav1ng Q2 = 0.16, and illuminated by
an on-axls beam of 1.5 keV x-rays. The center curve is a profile of '
the angular spread of the incident x-ray beam whlle the outer curve
gives ‘the profile of the beam reflected from this mirror when the
portion of mirror midway between the parabollc templates is 1llum1nated.
The behavior of. the entire mirror was determined by reflectlng x-rays
from surface elements dlstrlbuted success1vely along the length of the
‘mirror and measuring the deviation of the reflected beams. The maximum
amount of divergence comes from portions of reflecting surface near
the entrance and exit edges of the mirror. If the entire mirror were
uniformly illuminated, the divergénce is such fhat abbut foﬁr-fifths
of the reflected radiation has an angular spread of less than two arc
minutes and the remaining one-fifth is contained within an angular |

interval of eight arc minutes.

Most of the measurements of the parabolic figure of the various
mirrors were made using a parallel beam of visible light. Since the
reflection is specular at both wavelengths, it is valid to use visible

light instead of x-rays to investigate the geometrical properties
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of the mirrors. As héd been anticipated, a given mirror conforms less
‘well to a parabola as the curvature of the parabolé is increased (i.e.,
as the value.of Q'is ipdreased). However, so little difference was
found when the mirrors of different cross sections.were pressed against
a given parabolic guide that only a qualitative'ihdiéation of the per-
formance seems worth giving here;' Mirror E of Figure 5, with the

least amount of beryilium between the transverse strengthening ribs,
and a5 mil niékel coéﬁing, conformed best to the pérabolas, Mirror G
of Figure 5, with the same cross section of beryllium as mirror E,
and a 10 mil nickei-coatihg, was found to conform less well to the
parabolas than any other mirror tested. Evén so, with mirror E on the
'-most—curved parabolic guides, the total spread of the reflected beam

of the on-axis source was no more than some ten minutes of arc, again
.with approx1mately 80 percent of the total w1th1n a few mlnutes ‘of arc.
errors A-D were found to be of 1ntermed1ate stlffness and not signi- '

flcantly dlfferent from each other.

The:focal'proﬁefties of this type of parabolic reflector aré such
that the Width-of the line-shaped image 6f a point source increases as
the off-axis angular distance of the source increaSés; “As a result,
'thisvtypé of optical system gives precise poéitigh infqrmation for a
7felétively-narrdw-fie1d,pf view. The blurring of a source image is
‘directly related to the fraction of the overall length of thé system

occupied by fhe mirrors, and can be decreased by use of shdrter mirrors.

The angular resolution of the assembled array of mirrors, as

o measured with v1sib1e light, is shown in Figure 7. The full width

at halfmaximum of the reflected beam from all 8 mirrors is.0.9 arc
. minutes. The response given in the figure is appropriate for focusing
of low energy x-rays, since all the mirrors reflect such x—rays with

equal efficiency.

1k



INTENSITY (ARBITRARY UNITS)
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| ’.—_ . ON-AXIS
: WINDOW

' | ol
-6 -4 -2 0 2. 4 s
ANGLE FROM REFLECTOR AXIS (ARC MINUTES)

Image profile of an on-axis beam of visible light reflected from
all eight mirrors of the array. - The reflector is-illuminated by a
band of parallel light 1/2 inch wide which extends across all eight
mirrors approximately midway between the parabolic mirror guides.

- The size of the 6 arc minute wide detector window is indicated by
the arrows. '

15



hD. Effectlve Aperture of Mirror Array -

To ‘obtain the effectlve aperture of the'optlcal system, it is
necessary to know each mirror's eff1c1ency for reflection as a function
of incident angle and X-ray energy. The reflectlon efficiency of one
of each of the four palrs of Aerobee 17.08 mirrors was measured w1th
1.5 and h 5 keV x-rays., Average values of the measured efficiency as
a functlon of angle of reflection are -given in Flgure 8. Although
the mirrors. were - fabrlcated at dlfferent times, and no spec1a1 storage
precautlons were taken, the varlatlon of. efflclency w1th angle was
‘found to be 1ndependent of time and of the partlcular mlrror surface
-examlned._ However, surface 1rregu1ar1t1es of the fllght mirrors were
such that a s1gn1f1cant portlon of the 1nc1dent‘rad1at10n was non-
specularly reflected. The Significance of this nonespecular component
‘seems to increase as the x-ray energy increased. It is interesting
to note that the non—specular component measured from an optlcal flat
- of pyrex was negllglble.' Also glven in Flgure 8 is an eff1c1ency for-
: reflectlon of 0.28 keV X-rays. The decrease in. reflection efflclencyt-
at small angles for this energy is not understood at this time. Con-
31derable effort was made in repeatlng the measurements attemptlng to
dlscover poss1ble systematlc errors, "but none have yet been- found
Slnce only a small portlon of the reflector array has ‘angles of 1nc1dence
less than 1° for x-rays reflected 1nto the detector windows, this
decrease in efficiency at 0.28 keV does not seriously affect the
'aperture of the system. Calculatlons described below indicated that
this effect ‘decreases the effectlve area of the system by approx1-
mately 5%.

For x-rays between the 1.0 keV L-edge and the 8.3 keV K-edge of
nickel, the data of Ershov et al. (1967) were combined with information -
of Wuerker (1960) to derive an index of refraction for the reflectors

as a functlon of x-ray energy. The linear absorptlon coefficient of

' nickel in this energy range was obtained from Veigele et al. (1969).

"Using this 1nformat10n, and a procedure described by Rieser (1957),

16
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- Reflection efficiencies for nickel hirrors.‘ The‘meésured results
.~ for 1.5 and 4.5 keV are the average values from- four flight mirrors.

The 0.28 keV measurements are from a single mirror and remain to be
verified. The text describes how the predicted efficiencies were
obtained. ' .
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the code of Appendix A was used to derive the- variation of reflection

efficiency with angle of reflection for different x- ray energies. The
predicted efficiencies given in Figure 8 were obtained in this manner,

The" effective aperture of the mirror array for x rays between the

‘nickel K and L edges can ‘also be calculated with the code of Appendix

"A. While this code was convenient for comparing the performance of

different optical systems for an on-axis source, the code of Appendix

B was used to obtain an effective aperture more directly applicable to

yreduction of flight data . The latter code utilizes e1ther the measured
‘or predicted reflection efficiences of Figure 8 to derive the effective
‘ aperture of the optical system as a function of x-ray energy and the

_ off-axis angle of the source. Figure 9 shows one of these response

curves for the off-axis detector at an X-ray energy of 1 5 keV

'Similar curves were calculated at other energies and integration over

the angular coordinate leads to the values of mirror system response

, given in’ Figure 10 The variation of this responsewith energy, above

the L absorption edges of nickel was determined by u31ng “the predicted
reflection efficiencies of Figure 8. The resulting data were fitted . -

" to a polynomial function and normalized to pass through the points

calculated from the reflection efficiencies measured from the flight

- mirrors at 1. 5 and 4.5 keV. TFor x-rays less energetic than the 0.85
 keV L -edge of nickel effective apertures were. computed using the data

of Ershov et al (1967), and normalized with the 0.28 keV data of :

‘bFigure 8 from flight mirrors. A linear interpolation was used across .

the L absorption edges between O 85 and 1.0 keV When divided by

‘the rocket scan rate in degrees per second the ordinate of Figure -
10 gives the effective exposure to an Xx- ray source (not including

- counter efficiency) in units of cm2 sec. These data have been used

" in nreliminary analysis of data from the rocket flight described later
hin this report

18
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E. X-Ray Detectors

A pair of gas flow proportional counters with than plastic windows
was used to detect x-rays reflected by the mirrors. Figure 11 shows
a cross sectional view of the detector system in a plane normal to the
line focus of the mirror array. A solid wall divides the two counters
which have separate gas supplies. Each x-ray detector 1s composed of
two chambers in tandem separated only by several .002 inch tungsten
wires which are at ground potential. Signals from each center wire
of the pramary detectors are pre-amplified and combined for energies
greater than 0.5 keV. Only pulses from the front chambersare analyzed
at energies below 0.5 keV. Gas anticoincidence counters are located
along two sides of each primary detector. These counters share a
common gas supply with the primary detector and are electrically
separated by a thin wall of electroformed BeCu mesh. Events which
produce ionization in both praimary and anticoincidence detectors are

eliminated by the anticoincidence circuitry.

The detector windows lie in the focal plane of the mirror system
and define the angular acceptance of each counter. The window material
is approxamately 1 micron of polypfopylene coated with 200 A of Al.
This material is supported on photo-etched BeCu mesh which is 70%
transmitting. An evacuated antichamber was provided in front of each
detector so that the same relative pressure could be maintained across
the thin plastic window on the ground as in space. In Figure 11 the
li1d to this antichamber 1s shown in the open position that is charac-

teristic o§ the prime data-taking-portion of the rocket flight.

Gas was supplied to the proportional counters by gas flow systems
at a pressure of 40 cm of Hg. A mixture of 90% A and 10% CHh was used
in the narrow-window detector to increase sensitivity at energies
greater than 3 keV. The detector with a wide window was filled with
a 90% Ne 10% CHh mixture which allows the energy spectrum of incident
x-rays to be more readily determined. A separate gas flow system was

used for each detector and consisted of a supply bottle at 2000 psig,
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Figure 11

AXIS OF MIRROR

Cross sectional view of the Aerobee 17.08 gas flow proportional
counters. The primary detectors are indicated by the central un-
shaded areas while the anticoincidence counters are shown as stippled
regions. The hinged antichamber 1id is shown in the open position
which allows x-rays to be focussed on the counter windows, indi-
cated by the apertures at the upper end of the primary detectors.
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high and low pressure regulators which reduced the input pressure
successively to 55 psig and 4O cm of Hg, a flow restrictor and a vacuum
outlet into which the counter gas was exhausted. The vacuum outlet

was maintained before launch by a forepump, during launch by an
evacuated reservoir, and thereafter by the hard vacuum of space. Squib-
actuated valves sealed off the vacuum reservoir at launch and vented
the system to space early in the rocket flight. The pressure in each
detector was measured during flight and the result transmitted vaia
telemetry. Radioactive calibration sources of Po210 supplied fluores-
cent x-rays of Al and Ti, at 1.5 and 4.5 keV respectively, and were
attached to the antichamber 1id in front of each of the detectors.
Calibration data were acquired by both detectors until the antichamper
1id was opened 98 sec after launch, and again when the 1id closed

before re-entry.

Proportional counter pulses from x-rays in the energy range from
0.5 to 4.0 keV were shaped appropriately and transmitted directly via
telemetry. Pulses from x-rays in the range .15 to .5 keV were separated
into three energy intervals by pulse height discriminators. The outputs
of these discriminators were fed into scalers and onto telemetry. In
addition to rejection by the anticoincidence gas counters, non-x-ray
background events were rejected by pulse risetime discrimination. The
pulse height spectrum above 0.5 keV was transmitted with and without
background rejection. In addition, each rejected pulse in the ‘total’
spectrum was i1dentified as being 1) from an x-ray, 2) rejected by gas
anticoincidence, 3) rejected by pulse risetime discrimination, or
4) both 2) and 3). These data will allow both methods of background
suppression to be evaluated by examination of the spectra of rejected

events.

A sealed Be-window proportional counter filled with P-10 gas was
also flown on NASA 17.08. The geometric area of this detector was
approximately 220 cm2; it was sensitive in the energy range from 2 to
20 keV and had an angular collimation of 3/4° full width at half maxi-
mum. Pulses from this counter were stretched in time and placed

directly on telemetry.
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IV. PRELIMINARY RESULTS OF JUNE 1971 FLIGHT

On 24 June 1971 at 0550 UT the x-ray optical system described in
this report was launched from White Sands Missile Range on an Aerocbee
350 rocket, NASA Aerobee 1708. 1In addition to the instrumentation
previously discussed, two electronic star sensors with V-shaped
apertures, a photomultiplier sensitive to visible star light reflected
by the x-ray optics, and a 35 mm camera, were included in the payload
to determine aspect. The camera had a field of view 14° by 21° and
took a photograph of the star field every 1.6 sec. During the slow
scans stars down to approximately 6th magnitude are visible on the
film. Stars were observed during the flight by all of the aspect

sensors. *

As mentioned earlier, slow scans at a rate of 0.0%° sec™ ! were
made over several extragalactic objects. These included the Seyfert
galaxy NGC 4151, the quasar 3C 273, and the peculiar radio galaxy
M 87. In addition, a scan at O.2°sec-lwas made over the galactic

x-ray source Sco X-1.

Data from scans across NGC 4151 and 3C 273 have not yet been
reduced but preliminary indications are that 1f these objects have
been observed at all, their counting rates are very close to counter
background rates. Both of the objécts are known to emit x-rays at
energies greater than about 1.5 keV although no spectral data have been
published. Final analysis of the flight data, i1f no x-rays signifi-
cantly above background are detected from these objects, will allow
upper limits to be placed on the previously uninvestigated part of’

their spectra in the range from .25 to 2 keV.
Iarge counting rates were observed from Sco X-1 in all of the

x-ray detectors. These data, when reduced, will allow the spectrum

of this source to be investigated in the range from .25 to 20 keV.
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The spectrum of Sco X-1 incident on the mirror array may be determined
from data acquired by the Be-window detector, and the reflected
spectrum from that obtained by the gas flow proportional counters.

From these flight data it will then be possible to measure the response
of the optical system to & point source of x-rays, and compare it

to that obtained from laboratory measurements as shown in Figure 10.
This response can be measured directly in the energy range from 2 to

L keV where data from the Be-window and the gas flow proportional
counters overlap. It may be determined at energies less than 2 keV,

to the extent that it is valid to extrapolate the incident spectrum

observed at higher energies. :

The flight data from a 3° scan in the constellation Virgo are
shown in Figure 12. The scan was made in a direction approximately
Jjoining the galaxies M 87 and M 84. In this figure, the counting
rate in the 0.5 to 4 keV energy range obtained by the detector with
a field of view of 20 arc minutes is plotted against the time from
launch. The times at which the detector field of view passed over
M 87 and M 84 were determined from preliminary analysis of the
aspect photographs and are indicated in the figure along with the
rocket altitude at these times. Data at 0.25 keV, from the carbon
transmission band of the detector's polypropylene window, are not
included in this plot. An increase in the counting rate was observed
when the detector field of view crossed M 87; the profile of the
response expected for a point source is indicated by the crosses.
The distribution observed from M 87 is not consistent with that of
a point source, but appears to be extended with an angular size of
approximately 30 arc minutes. M 87 was not observed by the counter
with the six arc minute wide field of view. The fact that only a
fraction of the 30 arc minute wide source fell within the six arc
mimite field of view was sufficient to make M 87 unobservable by
this detector.
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Fig. 12 Counting rate vs. time during a 3° gcan in the Virgo Cluster of
galaxies. Data were acquired in the 0.5 to 4 keV energy range by
the detector with a 20 arc minute field-of-view. The points are
plotted with one sigma error bars and the crosses indicate the
response of the system to a point source of x-rays. The times at
which the field-of-view passed over M 87 and M 84 are shown along
with the rocket altitude.
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After subtracting background obtained from 23 sec of data on
either side of the source, there were approximately 150 net counts
from M 87 remaining in four energy bins. These data were fitted to
a power law function, with an interstellar absorption, given by:

_NHG

I = Ae E™ photons (cm2 sec keV)-l,

where NH is the line of sight hydrogen density in atoms cm-2, o is

the attentuation coefficient for interstellar matter derived by Brown
and Gould (1970), E the photon energy, A the spectral amplitude and

n the index of the photon spectrum. A computer program was used which
provided a least squares fit to the data and included the effects of
spectral distortion by the proportional counter resolution. At the
rocket altitude during this scan, attenuation of x-rays by the residual
atmosphere was negligible. Results of this calculation are shown in
Figure 13, where the number of counts cbserved in each energy interval
is plotted with a one-sigma error bar. The histogram shows the number
of counts 1n each of these intervals that are produced when a spectrum
described by the following parameters 1is folded through the instrumental

efficiencies.

A = 0.18 + 0.02, Ny = 105x 1020, n = -3.4+ 0.7

The computer program has adjusted these three parameters so that the
sum of squares of the deviation between the histogram and the observed
counts is a minimum. While the data point at .25 keV is of low
statistical significance, it indicates a significant lack of low energy
photons in the spectrum, since the observed value falls below an

extrapolation of the unattenuated power law by a factor of 50.

The best fit spectral index of -3.4 is similar to values obtained
by Byram et al. (1971) and Lampton et al. (1971) from rocket flights
in 1969. The amount of interstellar matter required to best fit the
data yields a neutral hydrogen density approximately four times greater
that that between here and the Virgo Cluster determined by 21 cm
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emission measurements. The power in this spectrum, obtained by inte-
grating this "best fit" function from 1 to 10 kev, is 2 x 10710 ergs
em” secrl'This is comparsble to the results of Byram et al. (1971),
but ig substantially less than the values obtained by Lampton et al.
(1971), Janes et al. (1971), Byram et al. (1966), and Friedman et al.
(1967), which lie in the range from approximately 7 to 20 x lo-lo ergs
- sec-l. Part of the reason the power determined by this observa-
tion is smaller than most other measurements is because it refers to
only a portion of the objJect which other observers have meagsured.
Note the decrease in counting rate shown in Figure 12 near the end of
the scan, This decrease may be significant as it differs by nearly
three standard deviations from the rate near the source. Although it
has not yet been fully analyzed, the background rates observed just
before this scan, near 3C 273, are also lower than those adjacent
to the position of M 87. This result is similar to that of Byram
et al. (1971) in which they found a general increase in the background
counting rate when their field of view was in the Virgo Cluster, but
not on M 87. The power from 1 to 10 kev of 2 x 10710 ergs em 2sec™t
refers only to the central source. With a downward adjustment of the
background rate the power from the source may approximately double in
value. This would compare favorably with a value of 5 x 10-lo ergs

cm-asecékbtained from UHURU dats by Kellogg et al. (1971).
v. CONCLUSIONS AND RECOMMENDATIONS

A. A soft x~ray detection system based on a nested array of confocal
parabolic mirrors that provides a line-shaped image of a distant
on-axis x-ray source has been constructed and found to be precise enough

to provide minute-of-arc angular resolution during a rocket flight.

B. For the sake of economy, mirrors of future arrays should be fabri-
cated from g material like fused silica or pyrex rather than nickel-
coated beryllium. It is anticipated that the metal coating



of vitreous mirrors required to obtain more efficient reflection of
x-rays at energies larger than 0.5 keV will lead to a significant

amount of non-specular reflection.

C. An efficient survey of faint sources of 0.1-3 keV x-rays could be
made with a pair of detection systems with intersecting line-shaped
fields of view. If the interest in the survey was restricted to the
less energetic x-rays, a mirror system consisting of crossed parabolic
arrays might also be used. The two procedures provide comparable

performance at about 1 keV.

D. Preliminary analysis of data from the June 1971 rocket flight
under this contract confirms the extended nature of the x-ray source
in Virgo and suggests that its structure may be complex. In par-
ticular, these data suggest the presence of a core of x-ray emission
approximately 0.5° in diameter surrounded by an emitting region which
is at least 2° across. This core is centered on the radio galaxy

M 87. The spectrum of the Virgo source is observed to have very few
low energy photons. If the observed spectral data are fitted to a
power law function with an absorption factor, approximately four times
more interstellar matter is required to produce the low energy x-ray
attentuation than is inferred from measurements of 21 cm hydrogen

emission.
VI. ABSTRACTS OF PAPERS PRESENTED AT MEETINGS

Due to the large effort devoted to construction of flight
apparatus, the lack of results from the first rocket flight, and the
fact that analysis of data from the June 1971 flight has just begun,
publications under this contract have been severely limited. Abstracts
of several talks describing the effort are given on the following

pages . -
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. Published in Bull, Amer, Astron. Soc, 1, 343, 1969. Alulhor . CATEGORY NO.
ploase

AMERICAN ASTRONOMICAL SOCIETY entor 9 (or 1)

ABSTRACT OF PAPCR .

‘ Abttracts should be subnutted as far as posable 1n advance of the announced deadhine of the mecting to G, € McVitte, Secre-

tany . Amencan Astronomical Soaiety, Unneraty of Ilhinos Observatory, Urbana, llinoss 61801 Plcase subout clean double-spaced
copy, sutable for the printer, with a carhon on plan white paper. A copy will be furnished by the Sccretary to the Bullehin of the
Amcnican Astioponncal Society lor pubhication, and as voted by the Council will carry a $30 publication chatye to be bilied to your
nshtution Revisions for the Bulletin copy will be aceepted by the editors until 5 days after the closc of the mecting. These revi
sions mast be sent direet to the editors of the Bulletin, and not to the Secretary. BECAUSE NO GALLEY PROOFS ARE PROVID-

ED, THIS IS THE LAST OPPORTUNITY FOR RLVISIONS.
X RAY SUKVEY FXPERIMENT

Tutle of Faper Philip C. Fisher Authon
Lockheed Palo Alto Resecarch ILaboratory “:,':"“
dy-une

- ' Palo Alto, California 9430k

In view of the unanticipated strength of the cosmic x-ray emissions so far
discovered, aﬁd the confusion over much of the relevant physics, a rapid sky survey
of the highest practicable sensitivity to search for further surprises (especially
from exiragalactic obJects) would seem a worthwhile enterprise. One means of
conducting a survey could involve use of a grazing-incidence optical system that
‘can simultaneously discover, locate in one coordinate per observation, and provide
spectral information about x-ray sources. The apparatus could employ a gas propor=
tional counter to detect x rays reflected by a nested array of parabolic mirrors.
The mirror array itself might also be one element of a spectrograph (Fisher, P. C.,
and Kirkpatrick, P., Astron. J. 71, 854, 1966). While the survey system would be
most useful for x rays less energetic than a few keV (that cannot be conveniently
detected with large-area gas counters), sufficient sensitivity exists above this
energy that all but the faintest energetic sources accessible to very-large-area
counters can be observed. The dominant constraints in detecting faint extragalactie
objects may well be the shortage of the less energetic x rays which results from
absorption near the source, and the lack of observing time., In addition to these
constraints, absorption and scattering in the intgrstellar medivum will limit the

faintest galactic sources that can be detected.
The current survey instrument is nearly two meters long and should have an

effective aperture of about 80 cm2 for x rays less energetic than a few keV. Some /

of the basis for, and features of, five generations of development of this experiment

over the last nine years will be discussed.
This work was performed in part under National Aeronautics and Space Administra=

tion Contracts NAS 5-11T4k, KASw~909 and 1388, and in part undsr the Lockheed
‘ Independent Research Progrea.
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‘ I.A.U. Symposium No. 41 on New Techniques in Space Astronomy, Munich.

ROCKET PROTOTYPE OF AN X-RAY OPTICAL SYSTEM FOR
SURVEYING AND LOCATING COSMIC X-RAY SOURCES

P C FISHER, L W ACTON, R C CATURA, P. KIRKPATRICK,
A J MEYEROTT,and D T ROETHIG

Lockheed Palo Alto Research Laboratory, Palo Alte, Calif , U S A

The characteristics of an X-ray detection system based on an array of parabolic re-
flectors that provide a hne-shaped focus will be described The most recent rocket
instrument has an overall length of about two meters and utilizes a pair of thin-
window gas-flow proportional counters for detecting the X-rays The vanation of
effective aperture with X-ray energy, the amount of scattering from the mirror sur-
faces, and the quality of the optical focus will be discussed Estimates of the sensi-
tivity of a larger set of X-ray optics used as a survey system, and when combined
with a special grating to form a spectrograph, will be presented.

This program has been carried out under the support of the National Aeronautics
and Space Administration (Contracts NASw-909, 917, and 1388) and the Lockheed
Independent Research Program.

DISCUSSION

E A. Trendelenburg 1s1t intended to fly your experiment on a satellite?
P C Fisher An experiment involving a pair of murror arrays, and including a spectroscopic
capability has been proposed for satellite use

Labuhn and Liist (eds ), New Technigues in Space Astronomy, 182
All Rights Reserved Copyright © 1971 by the IAU
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Abstract Submitted
for the Puerto Rico Meeting of the

American Physical Society
‘ Division of Cosmic Physics ~

December 1-4, 1971

Physical Review Bulletin SubJject Heading
Analytic Subject Index in which Paper should be placed
Number 61.2 : Discrete X-Ray Sources

Spectrum of Soft X-Rays from the Virgo Cluster.
R.C. CATURA, P.C. FISHER, H.M. JOHNSON and A.J.MEYEROIT,
Lockheed Palo Alto Research Laboratory. -- A recent
rocket experiment utilizing singly reflecting x-ray
optics has extended measurements of the spectrum of
x-rays from the Virgo Cluster down to 1/4 Kev. A
portion of the Cluster was scanned approximately along
a line passing through the galaxies M 87 and M 84,
During this scan a source of Xx-rays was detected which
had an angular extent of approximately 0.5°. Precise
location of the center of this source has not yet been
determined, but its extent contains M 87. X-rays were
detected in the range from 1/4 to 2 Kev and the spectrum
shows a clear turnover at low energies. Analysis of
the spectrum will be presented. This research was supported
by contract NASw-1388 and the Lockheed Independent
Research Program.

Submitted by

Richard C. Catura
Orgn. 52-14, Bldg. 202

‘ ‘ 3251 Hanover Street, Palo Alto,
' California
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APPENDIX A

Many computer programs were developed at this laboratory over
several years to aid in the design of nested and baffled arrays of
mirrors and to predict their effective aperture. This work lead to
the Fortran V program given in this appendix. The program calculates
the basic design parameters as well as the effective aperture for an
on-axis source of the set of nested nickel-coated parabolic mirrors
used on the flight of Aerobee 17.08. A Cartesian coordinate system,
whose origin is at the center of the entrance aperture of the on-axis

detector, is used in this program.

Input parameters needed to run the code include:

a) MAXN, the number of mirrors nested together on one side of
the system,
b) KL and L, the x values of the ends of the outside mirror

(kI<L), )
c) H(1), the y value at L for the outside mirror,
d) Y, and Y, the y values of the detector aperture,

e) ANGIN, the angle of incidence (deg) of the incident ray with
respect to the x-axis. Its sense 1s positive when the angle
of incidence to the mirror is increased, and

f£) T(I), the respective thicknesses of the mirrors.
One side of the mirror array is calculated as one data set,

This code will stack the set of MAXN mirrors so that there is no
obstruction from one mirror to another for radiation reflected into
the desired detector aperture. The parameters of this stacking include
the Q values in the equation y = ¥ Qx+ Q2/h (an equation for a parabola

with its focus at the origin); the y values at the ends of the mirror,
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G and H; and the positions and allowable thicknesses for the inner and

outer baffles.-

An integration is performed over elemental portions of each
mirror to obtain the effective beam breadths as a function of energy.
These integrations were performed using the reflection efficiency
information discussed in Section III D. The code yields the reflec-
tivity for each portion of each mirror as a function of x coordinate
and angle of incidence, and in addition lists the integrated results
for the complete mirror. A study of these data gives an understanding

of how the individual mirrors contribute to the aperture of the array.

It should be noted that the resultant effective beam breadth integrations

are valid only for an on-axis source. The effective beam breadth cal-
culated for off-axis sources might include contributions from radiation
which did not actually reach the detector window. To use this code for
such sources one must include a constraint that the radiation was not
intercepted by a baffle and does fall within the detector window. A
computer listing of the program follows:
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)

)
2 X: XsXs X s)

e Xe Ne NeXNe)

11

15

AFOR, IS FARSET

OIMENSION H(99), 5(99)Y, T(99), XTY(99), YT(99), Xs(99), YS(99),

X TH(2), DAC2), M(99), Q92), RHG(20)s SUMEBR(15), SURTOT(1S)
DIMENSION UMAX(99)

DIMENSION CHRCMNG(18)

DIMENSIQN 2YS(09)

DIMENSION LT(99)s AS(99)
REAL, KL, Ko L, KEV
REAL MAXANG(15), MINANG(15)
COMMON /3LK/ EFBB(204.15), NMIR, KEV(15), XLAM(15), ALGIN
COMMON /0UTP T/ 110
COMMON /8LK3/ iy XE&, Y5, G, YD, Kl
kPD = ,01745329257
READ(S5,10) MAXN, KL, L, H(1), ¥D, YU, ANGIN, (T(I),1=1,MAXN)
FORMAT(I2, /7 6F10,40 /t8F10,44))
[F{MAXN,GT,20) CALL MERR
IF INTERVEDIATE JAYA Ie WANTED, 110 SHOULD BE 1, OTHERWISE 0.
READ(S,11) 110
FORMAT(11)
00 15 T = 1L, MAXM
IFtTC1),LTs0400001" T(1) & T(lel)
CONTINLE
CALL TOD(8,T1)
Cal.L DATE(9,DA)

HUOBOBRNOBBBTIRDORT RNV OVBODRLBVBIRNERER QB YOBBRNERBENGEPROBUDBOD

K & KL/L

B(1) = 240 » (SQRT(Le#2 &+ H(1)ee2) = |)

G(1) = SGRT(Q(1) & KL ¢ G(1)es2 / 4,0

Ne 3

CALL BAFFLECQUN) KL oL o G(N) HINY YU YU XTUN) 2 YTEN) JATEND g XSCH)» YSIN
X ), AS(N),N)

M(1) = 3

NMIR = 3

CaLl REFLCT(Q(1), <L, L)

HGEL) B H(1L) = G(1)

DO 100 N = 2, “aAYN

MIN) N

G(N)

n

K &« H(N=1) & (1,0=K)oY[ = T(N)
Q(N) 2,0 # (BQRTIKL®a2 + C(M)#a2) = KL}
M{N) SORT(Q(N) e | + {NYee2 / 4,0)
KGIN) & H{N) = G(N)
CALL BAFFLECQUN) KLaLsGIN)HIN) pYU YD XTUINY, YTIN),ATCN) s XSIN),YS(N
X Y, AS(N) N\
NMIR = N
CALL REFLCT(Q(N), <L L)

nan

100 CONTINUE

00 101 N = 2, MAXR

101 CALL GETDYS(DYS(N), N)

SRORNODERNDREDDDBNOOAONDPROURBOERQOONRBBROGOTRTOPRNORRNODERORNDADOUS

WRITE(6,200) DAy, T, KLs Ly K, YD, YU, ANGIN

200 FORMAT(1M1 'PARA3NLIC M]RRORS WITH FOCUS AY ORIGIN' /

X 1X 'WRITTEN FOR P C FISHER BY D T RQETHIG ON 04~31-69' /

X 1X 'EXECUTED ON ' A6, A3, ' AT ' A6, AZ, /
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)

1X 'INCREASE M ANGLE OF IMCIDENCE 3 ' F6,3)
WRITE(6,250. (M), GC1), GCIY, HCIY, XTCIY, YT(L), AT(]),
XSCI), YS(ly, L¥Se]Y, ASCI), T(IJ» I = 1, MAXN)
250 FORMAT(L#0 /7 2X 'M' 1cx '"R' 314X 'G' 315X 'H' Gy 'XTU' 8Xx
'YTY' 8X TAT' 7 'xXSU' 8Y 'ySyu' kX 'aySe BX *AS' 8X 'MT' ///
(13, 1P3£16,6, OPEF10,5) //)
Haodrtrhadatadbaobopnadndtagpdodbaatpsdpootigdruigobtgotatandaatuitonoss
DO 275- 1 = 1, MAYN
SLOPE & (H(1) « G(1))/(L = KL)
THETA = ATAN(SLOPE)
B =5 G(1) = Kha(H{I)=G(1))/(L=kL)
XMAX = Q(1)/74.0 @ (1,0/(SLLOPE®#2) -~ 1,0)
275 LMAX(T) = COSCTHETA)®(QQRT(Q(])exMAX+U(I)®*#62/4,0)-SLLOPE#XMAX=H)
WRITE(6,280) (JMAXCIY, T = 1, MAXN)
280 FORMAT(1MO //' MAXIMUM REPTHS OF MIRR(CRS IN INCHES ===>!
X £10+5:, 3E15,5, /(%6X 4E15,5))
RO RPRBROORaORONORERERpNGBRBORRBROERROLRBRtRrpuDRBERBERNOEBRUBEROORED
fadodnpoanbidbaippdototipgpedottpadanuevidtedgigrdipotdanttoplodensits
DO 300 J = 1, 15
0O 300 I 1, N
SUBTOT(J) = SURTOT(J) + EFBB(I,J)
300 SUMEBB(J) = SUME3B(J) + EF3B(],J)
WRITE(6,350) KEVy XLAM, (llo(EFBECI J) =1 1“).HG(!)nI 1.NNIR))
350 FORMAT(2M1 15FB,3,/72X18%FB8,3) Ex 'H=G! ///
X (41X 12, 1X 16(1PER,2)/))
WRITE(6,400) SJBTOT, sUMEBB
400 FORMAT( / 3X 15(1FEB.2)y /7 3X 15(1PE8,.2))
HEBABEORDPOVHBICRVOORRFISRRPRRENBBODBEUERB Vg bR pRRLBRBOBNRGREBRRS
CALL MOVER(O, 0, SUBTOT, 1, 15)
IFCABSCANGINY . LT,0,0001) €O TO 1
DO 460 I = 41, VA¥YN
IFCTEQ, MAXN) 60 TC 450
MAXANG(I) = ATAN((C(I)mH(I¢4)=T(1+1)),(L=-KL))/RPD
450 MINANG(]) = ~ATAN(SGRT(1,0/(4,ce/7GC(1) + 1,0)):/RPD
CHRDNG(I) =~ATAN(C(A{D)aG(I¥)/(L-KL))/FPFD
460 CONTINUE

X ' MIRRORS ARE COATED WITH NICKEL.' /777777
X 1X KL = ' F5,1, /

X iIX 'L =Y F5,1, /

X 1X 'K ="' £7,5, /

X IX ‘YD = ' Fé€,3y /

X iX 'yy = ¢ 96.3. /

X

X

» X

WRITE(6,500) (1, MaXANG(T), MINANG(1)» CHRDONG(I), 1 = 1, MAXN)
500 FORMAT(LHO///' THE FOLLOWING GIVES THE MaXIMyM, MINIMUM AND CHORD'
X ' ANGLES:! 44 (110, 3F10.,5))
GO TO 4
END

"@FOR, 15 BAFFL,

SUBROUTINE BAFFL(KL, L, G, H, YU, YD, XT, YT, xS, YS, N}
REAL KL, Lo K
K & KL/L

XT = L & (G = 2,0 & YD) 7 (H & ((1,0+F)/K) & YD)

YT = G + (XT/KL =» $,0) & YD

IFI(N,EG,»5) YT = YT =» 0,005

XS = (H » 2.08YY) 7 ((¥TeYU)/XT « YU/L)

YS = H = YU + (Ha2,0a2YL)Z2(L9(YT @ YU) / (XTevy) - 1,0)
RE TURN

END

8FOR, IS INTPLT

¢

SUBROUTINE INTPLT(R, L, B, J, S)
THIS SUBRRQUTINE 1S FOR MNICKEL ,
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e Ne Re Ne)

16
20

40
50

60
70

B IS THE ANGLE 1V DEGRFES,

R IS 1/10.

THE R'S ARE GIVEM FOR ANGLES (¢, 4+ 24 39 4, S, AND 6 DEGREES.
L, 1S WAVELENGHT Il ANGSTROMS,

COMMON /O0UTP.UTY 11¢

REAL L.

DIMENSION R16(7)y R20(7), R40(7)

DATA R16 / C.91, C.7?, 0,28, 0,65, C+0y 0.0, 0.0/
DATA 920/ 0095’ 0.92l U.a?' 0.65' 0030' 0.05! 0.0U/
DATA RA0 7/ 1498, 0,91, 0,82, 0,72 (.64+ 0,53, 142/
RPD = (,01745329252

B =B / 3D

IF(B,GE,6.,0 ,0R., B,LT.C)Y (¢ TO 50

1 =8

IF(Jr14) 16, 24 40

R 2 R16(1+1) = (3=1)e(m16(]+1) » R16(]+2))
GO TO 50

R 2 R20(I+1) ~ (3-1)a(R20(1+1) - R20(})+2))
GO TO 50

R 8 R4QC(I+1) ~ (3=-]1)8(mq0(1+1) « RAQ(]1+2))
IFCTIO,EQ.0) GO TO 70

WRITE(6,60) 3, Ry S
FORMAT(415X 3E15,7)

B = B # RFD

RETURN

END

" @FOR, IS RATIO

eXsNeRe!

10
20

SUBROUTJNE RATIO(KeT10, THETA, D, M, ¥, §)

D EQUALS ONE MINJS THE INDEX OF REFRA(TION,
M EQUALS THE LINEAR ABSORPTION COEFFICIENT,
Y EQUALS RIESER'S 3ETA/LELTA,

X EQUALS THE INCIDENT ANGLE / SQRT(2#DELTA)

COMMON /QUTPUT/ 110
REAL M
[FCTHETA,LT.0,0) RETURN

RPD = (;,01745329252

X & THETA / SQRT(2.0 # ()

A = SQRT(2,0) &

B = SQRT(SORT((XaXwl ,0laa2¢YaY)eXex=1,0)
C &8 SART((XeX-1.0)aa2+yay)eXey+1,0
RI = ((AmB)e®#24C)/(A+P )2 a2+C)
THETA = THETA / =RPD

IFCTI0.EQ.D) GO TO 20
WRITE(&,10) ¥, THETA, R1, S
FORMAT(4£15.7)

THETA 8 THETA @ 3P)

RATIO s R}

RETURN

END

AFOR, ]S REFLCT

C
c

- €

SUBROUTINE REFLCT(D, KL, 2Z)

CALCULATION OF MIRI0OR REFLECTIVITIES

THIS INCLUDES A JETERMINATION OF EFFECTIVE BEAM BREADTH,

WRITTEN ON 03-18«69,

DIMENSIQN L(15), B(1C1), 0O(9), TI(2), DA(2), A(15),
R(101), S(31)

REAL L, M» KEV, <L

COMMON /3LK/ EFBB(20,15)y NMIR, KEV(15), XLAM(15), ANGIN

COMMON /0UTPUT/ 110

DATA O/30HNICKE( REFLECTIVITY , 486H /

YP(X) = SQRT(G/4,0) 7/ SQRT(X+(/4,0)
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X

<

-

2K I DX XX X X

B

11

30
{00

110

120

2 X XXX XXX

DATA L 72400 2,750 3¢, 3.5, 4,00 4.5 540, 6,0, 7,0, 8,339,
10,0, 11.0, 16,0, 20,04 4G,0/

RPD = 0,0174532925>

Pl = 3,14159265

CONST = 4.0 # P

calL.L TOL(t8,T])

CALL DATE(9,0A)

DX = (Z=<KL)/30,0

0O 400 1 & 1, 15

KEV(]) 2 12.39644 7 L(1)

XLAMOTY = LCOTDD)

IFCT4ER, 2. OR 4 1,E%,10) 60 TO 110

IF¢I,GE,13) O 7O 11c

M s 10,000(2,15+2,660AL0610(L(1)))

D & 6.25E-052(L(1)»1,3) ¢ Qs30S5EQHe(L(])=1.3)022

Y = (Mo (])/(CONSTeL))e1,0E=08

IFC110,EQ.0) GO TO &

WRITE(6&,3) DA, T1,» O, LC1), KEV(])y KMIR, My, D, VY

FORMATC(1H1 SIHRIZSER TYPE CALCULATION OF SOFY X~RAY REFLECTIVITY /

1X 52HWRITTEN FOR PAUL. KIRKPATRIGK BY DT ROETHIG: 11~25=68
/ 1X J2HEXECUTED CN A6, A3, 4H £T 46, A2, / 1X 946, /

1X 2OHWAVELENGTH 1IN ANGSTROMS = 1PE9,3, /

1X 25H(QR) ENERGY IN bhEV = 1FE9,3, /

1X 25HMIRRNR NLKBER = 12, /

1X 25HLINEAR ARSORP, COEFF, = £9.,3, /

1X 25H1,0 » REFRACTIVE INDEX = £9,3, /

b 25HRIESER'S v VALUF s £9,3, / 7/

5X 1OHRIESER'S X 4% $1HTHETA ([EG) 8Y 4HI/10 7X
11HX COORDNATE /)
DO 10 J = 1, 3
X @ KL, + FLOAT(Jm1) & X
S(J) = X
B(W) = ATANCYP(X)) + ANGIN & RPD
IFCT1,EQy 2, OR ,1,E0,10) 6O 10 11
IFC],GE,13) GO TO 9
CALL RATIO(R(J), B(J)y Dy Mp Y, S(J))
GO TO 10
CALL INTVEY(R(J), L(I), B(J)y 1, S(J))
GO TO 10
CALL INTPLT(R(J), LI1), BCJY, 1, SCJ))
R(J) = RGJ) & (y3(g(J))+TANCANGIN®RPD))ICOS! ANGINGRPD)
CALL SMPSON(S, R, 031, AtI))
EFBB(NMIR, 1) = A(I)
IF(110,EQ.0) G0 TO 100
WRITE(6,30)  A(1)
FORMAT(1+0 3X 'EFFECTIVE BEAM RREADTH = ' E16.7)
CONTINUE
RETURN
M 0,0
D = 0.0
Y = 0,0
IF(110,EQ.0) GO TO 8
WRITE(6,120) Da, T!» 0, LE1), KEV(1), NMIR

FORMAT(4141 B1HRIESER TYPE CALCULATION OF SCFT X-RAY REFLECTIVITY 7
1X S52HWRITTEN FOR PAUL. KIRKPATRICK BY DT ROETRHIG: 11-25-68
/ 1X 12HEXECUTED ON A6, A3, 4H AT A4, A2, / X 946y /
X 25HWAVELENGTH IN AMGSTROMS = {PF9,3, /
1X 25HIOR) ENERGY INM KEV s {PE9,3, 7/
iX 25HM]IIROR NLMBER s 12, ///
5X 40W 4¥ 11HTHETA (DEG) 8x 4H1/10 7X

11HX COORONATE /)
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GO TU &
END

aFOR, S SMPSON

10

SUBROUTINE SMPSON(X, Y, Ny AREA)

THE' Y VALUES MUST 3F EQUALLY SPACED IN X,

THERE MUST BE AN ONC NULMBER OF YI!S, IlE, N MUST BE ODD.
DIMENSTION X(1001?, Y(1001)

AREA = 0.0

TFINGLT,5) RET.JRN
[F(N,GT,1001) W TURY
IFCMOD(N,2).EQ,0) RE TURNM
HO3 & ¢ X(2)=x(1) )/ 3,0

L #Nw2?2

M EN={

D0 5 29 My 2

[ s
AREA = AREA + 4,0 o v(1)
D0 10 1 =3, L, ?

AREA = ARER + 2,0 o Y(I)

AREA = ( AREA + y(1) + Y(N) ) = HO3
RETURN

END

8FOR, IS INTMEY

c

s N eTe Ne)

s NaXeNeleMe

100
{10

200
300

SUBRROUTINE INTYMEY(R, L, By J, 3)

THIS SUBROUTINE 1S FOR NICKEL.

DIMENSTION R275¢(21 ), RE34(45)

COMMON /OUTPUTY 11¢

DATA R275/ .73%, 737, THIS sET NICKEL

DATA R834/|850|84509840.835'.325. THIS SET NICKEL

DATA R275/,8724.854,,836,,81,.78 THIS SET GOLD

DATA RB34/,830,,825,,B20,481 THI® SET GoOLD

DATA R275/ .735. 17}70 07280 |722! !710' '693' 0671' '646’ '617'
x -585' -5490 0505' |450! 13760 g2500 '1159 ~055' '0350 'U23!
X L0148, 014/ - i

DATA RB34/,85,,845)¢84,,835),625,.8155.805,.791:77+475+¢725,.705,
X98BS)s .06):664):62,,61:575,1555).535,)45%014%3.474.445,.425,.4059,
X¢38!43§p034'!3150.?95'12750|251022500?050?185J0165l«14"12'01'
X¢08,,055,.035,,01,,00/

6ATA R275/|87210854!l83600810-78007500705'.66:061'a56’o5040.4480
X 2392,1341429,,242442,,1764,114,.076,,048/

DATA RB34/ 830,825,820, 0835,,807,48,47%9.7B+:77,.761.7484,755,
X -7250071'069700583'06660'6520o6350o620'602'0582ﬁ05620|544'0520
x 0501,.48!'457..434’0406’|3&4I‘36'034"3?'031'78"265'l?bl'2351
X 223,205, 4191,.18,.167,,156/

KPD & (,D1745329252

B 3 B / RPD

IF(B,LY, 0.0 GH TO 100

IF(B,GT,1.0.AND,J,EQ,2) GO Y0 400

!F(BpGT.Z.Z-AND.J.EQ.lt) GO TO 100

18LO = (34100,0) /7 5,0 & 41,0004

}JBH] = 3.0 +« 3

IFtJ4ER,2)

XR & R275(18L0) = (H275¢(18LO)=R275(1BN]))a(B~-FLOAT(IBLO-1)e,05)/,05

IF(JEQ,40)

XR 8 RB34¢IBL0O) = (R834(18LOY=RAI4(IEH!))al(B-FLOAT(IBL0-1)#,05)/,05

GO TO 1190 .

R e 0.0

[IFCI10,EQ.0) GO0 TO 300

WRITE(&,200) By, R¢ S

FORMAT(45X 3E15.7)

B s B # RPD

RETURN
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END
RFOR, ]S GETDYS
SUBROUTINE GETDYS(MYS, )
REAL KL
DIMENS]ION G(99), XS(9¢), ¥YS(99), G(¢9)
COMMON /8LK3/ G» X%, YS, &, YD, KL
B & ATAN(KL/(G{N=1)=YD))
P 5 ASIN(-YD®SII{(R)/SARTI(G(Nm{ )24kl 082))
DG = (XS(N)=KL) » TANM(P)
0YS = G(N=-1) - YS(N) - D6
RETURN
END
RFOR, IS BAFFLE
SUBROUTINE BAFFLECD <L alaG,H, YU, YD, XT,YT,AT,XS,YS,AS,N)
REAL KL, L
YPIX) = SQRT(QR/4,0) 7 SQRT(X + G/4.,0)
RPN = (1,01745329257

B = ATANCY2(KL))

BPT = ATAN((G-YD)/KL)

T & BPT = 3

A =T w2

xXT (KLaTANCAY*G=YL )/ (H=YD)/L+TAN(CA))
YT (H=YD)&XT/L + YD

AT A/ RPD

0000

B = ATAN(YP(L))
BPT = ATANCTH=YU)/L)

Y 8 BPTY ~ 8
A2B =T
XS = (YU+LoTANCA)Y=H)Z(TANCAY*(YUeYT)/XT)
Y3 = TAN(CA) & (XS~L) + H
AS = A / RPD
END
AFIN
@R

y2



APPENDIX B

A computer program was written in Hewlett Packard BASIC to
calculate the theoretical effective beam breadth subtend=d by the
off-axis detector as a function of the incident angle radiation has
with respect to the system axis, GSYM' A wavelength range of 2 to 11 A
in steps of 0.5 A was used. A listing of this program is included

below.

The procedure of Rieser (1957) was used to calculate the re-
flectivities as a function of angle of incidence to each mirror (See
Appendix A). Thirty-one positions were chosen along each of the
20 inch long mirrors. If, for a given angle of incidence, the
radiation was not obstructed by a baffle and had the proper reflected
angle to reach the off-axis detector window, the increment of beam
breadth for that portion of the mirror was added to the integral
yielding the effective beam breadth, EBB. The effective aperture of
the mirror array is the product of EBB and the unobstructed width

of the mirrors.

The machine output gives the wavelength and energy of the radia-
tion followed by a set of eSYM angles, each with its corresponding
EBB. Simpson's rule is used to integrate the EBB over the eSYM set.,
The sum of the EBB is also given. This output is written for each
of the wavelengths from 2 to 11 A. A sample output for 1.5 keV
x-rays follows the end of the listing of the computer code.
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READY

TAPE
1 D

I TC13]

8¢ DIM X[311,R(311,P(8]

60
70

DEF FNA(X)=SQR((Qra)/(X+Q/4))
LET Rl=1.74533E-02

80 MAT READ P

99

100
110
180
130
132
134
136
137
138
139
140

181
188
160
165
170
1798
180
188
189
190
194
200
290
300
305
310
320
324
328

331
338
333
334
33s
336
337

342
.3%0

370
380

DATA +306478,.180367,9.95722E-02,4.35619E-02
DATA «386478,.161481,7.44358E~02,2.32874E-08
REM
FOR W=2 TO 11 STEP .5
LET E=12.3966/¥
LET M=101(2.15+2.66+L0G(W)/L0A(10))
LET D=6.25000E~0S#(V~1¢3)+3.05000E~036#(W~1.3)12
LET Y=(M*W/(4%3.141592D))%1.00800E~38
LET CAsYsY
PRINT
PRINT WSE
LET T3==.2
FOR K=1 TO 13
LET T(K1=3
LET A=T3~(K-1)»5.00000E-02
FOR Z=1 TO 8
LET VU=Z
IF Z<3 THEN 185
LET V==Z+4
LET A=ABS(A)

LET Q=P(Z)

IF Z>4 OR A>~.516 THEN 305
LET A2=0

aoTo S3

REM .

REM

REM

LET Ki=0

FOR J=i TO 31

LET X(J)=38+(J=1)+20/30
LET Cl=FNA(X(J])

LET DIsATN(CD)

LET BsD]+A¢R!

LET Y2sSQR(Q*X(J)+Q*Q/4)
LET Y3=XCJI*TAN(2¢Dl+ASR1)
LET YAsABS(Y2-Y3)

IF YA<e65 AND YA>+3 THEN 340
LET R(J)=0 )

LET KilwKlel

aotTo 390

LET X1=B/SQR(2¢D)

LET C8sX1sXl~1

LET C3=Cg8t8

LET Als=sSQR(2)#*X}

LET Bi=SQR(SQR(C3+C4)+C2)
LET C=SQR(CI+Ca)-C2

LET RCJI=(C(AL1=-B1)t2+C)/(CAL1+B1)t2+C)

Ul



798

LET CS=AsRl

LET RCJI=RLJI*(C1+TANCCS))I*COS(CS)
NEXT J

REM

REM

LET Ag=0

IP Ki=3] THEN 535
LET He(X(2]-X(11)/3
FOR Us2 TO 30 STEP 8
LET A2=AZ+4sRLU)
NEXT U

FOR U=3 TO 89 STEP 8
LET A2sA28¢8¢R[U]
NEXT U

LET AR=(AS+RC11+R(31))»H
REM

REM

LET TI(KIsTC(KIeA2
NEXT Z

PRINT AITIK)

NEXT K

LET A3=0

LET H=3.00800E-02/3
FOR U=2 TO 12 STEP 2
LET AS®=A3+4+T(U)
NEXT U

FOR U=3 TO 11 STEP 2
LET A3=A3+82T(Y)
NEXT U

LET A3=CA3+T(1]+T(13))#H
LET AA=§

FOR U=l TO 13

LET A4=A4+T(U)

NEXT U

PRINT TAB(13)3A)
PRINT TAB(13)3A4
NEXT ¥

9999 END
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120 FOR W»12.396671+5 TO 9 STEP 10

8.2644
o2
8%
3
38
'Y ]
48
'3
«89
Y
«6S
o7
73
o8

READY

185

o
26171
1.0994S
144171
141413
13819
134517
+486356
«289043
«141408

£.90731E~08

0
0
« 386768

7.88996
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