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- INTRODUCTION

Under Contract NAS5-11360 the Space Astronomy Group of the‘Lockheed
Palo Alto Research Laboratory designed, fabricated, tested and delivered
the Mapping X-Ray Heliometer (MXRH) instrument which is part of the 0S0-8
satellite, After delivery we also participated in all phases of observa-
tory level activity through launch and turn on, and prepared for the

post-launch operation effort.

Throughout this four and one-half year period the activities of
the MXRH program have received a high degree of visibility by monthly
progress reports, reports on all phaseg of test activities, three formal
design reviews, and more than a half dozen status reviews. This final
report will th?fefore be brief in historical context, principally stating
the chronological flow of activities and elaborating on the items which

were most troublesome.

During 1973, a Technical Manual was written which describes the
instrument and its operation in detsil. The revised and updated manual

is included as part of this final report.

Finally, although the post-launch activities-are being conducted
under contract NAS5-22411, their preparation was performed under this
contract. Tt is therefore approprisgte to briefly discuss the instrument's

in-orbit operation; the status report of ultimate importance.



CHRONOLOGICAL SUMMARY

Work on the program began in January 1971. The initial work
statement called for a Protofiight (Which.was:to be fefufbishédhtd T
become g Flight Spare) and a Flight Instrument. This was later modified
to be a Design Qualification Instrument, a Flight Instrument and Flight
Spare subsystems. After two years of design, breadboard, test and
fabrication efforts, the Design Qualification Instrument underwent a
full environmental test sequence at qualification levels. Table I

'subdivides this andrsabseguent test activities into mbre detail.

The Flight Instrument was fabricated incorporating a few minor
design improvements. If was subjected to Acceptance Testing in early
1974, delivered on March 3, 19Th4, and the S/C inferfaces were
verified. In June 1974 a detector which was degrading was replaced
and an improved vertical collimator was substituted for the existing
unit. The MXRH was then integrated into the observatory. This was

followed by about a year of test activities culminating in the launch

on 21 June 1975.

Two days after launch, the MXRH was successfully turned ON. All
subgsystems operated properly. The instrument has now been in operation
for two months, providing the observations required to meet the

scientific objectives of the program.
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TABLE T .

CHRONOLOGY OF EVENTS

For The

0SO-I MXRH INSTRUMENT

Completion \‘Cdnfofmki' Resultant
Activity Date - lance ' Action
QUALIFICATION TESTS 3-16-737 .
1. Random Vib. - No Design Change
2. Sine Vib, . Yes
3. Acceleration | Yes
4. Pyroshock - Yes ' /
5. EMI . . No ~ GSFC [Conditional Waiver
6. Thermal Vac. ; No Ttems Modified and Retested
7. Magnetics ' Yes : -
. | '
ACCEPTANCE TESTS 2-5-74 :
1. Random Vib. ' | Yes
2. Thermal Vac. | Yes _ S
3. Magnetics I No GSFC Unconditional 'Waiver
4. Mass Properties . No GSFC Unconditional Waiver
. . | . .
HAC MECH.INSPECT 3-6-Th4 . No Corrected by LMSC
EIC TESTS = 3-26-74
1. IMSC Side | ' Yes
2. HAC Side ; No; Corrected by HAC
: o :
. RETROFIT ACTIONS 6-27-T4 ; ) A
1. Degraded Detector : ' Replaced Detector Pair Assy
_ 2. Improved Collim, . ! Exchanged Collimator
\ ; L |
EIC RECHECK " 6-29-T4 | Yes
, . :
MECHANICAL INTEG. T-9-Th
. t
1. IMSC Side - " Yes . -
2. HAC Side . No! Corrected by HAC and IMSC
ELECTRICAL INTEG. T-16-T4 ' Yes
LONG FORM TEST 9-27-T4 | Yes
OBS. ENVIRON. TESTS : ' ,/’No/Yes Stepper Motor Concern at Cold
but can work around it.
LONG FORM TEST" Yes |
ETR 6-21-75 No/Yes SLA PRD malfunction but can be
o turned OFF by command.
TURN ON 6-22-75 Yes All systems function properly.



MAJOR DIFFICULTIES

The three major areas of difficulty during the design and
fabrication of the instrument were: (1) the proportional counter
detectors, (2) the collimators, and (3) the sun~center detectors. A

brief discussion in each of these areas will follow,

The proportional counter detector design was fairly straight-
forward aﬁd the design model and pfotoflight units worked properly.
After that, a continﬁal sequence of blunders, by both the subcontractor
who was fabricating the detectors and by piece part manufacturers, made
the fabrication of good units a difficult task. We eventually did

obtain a set of flight detectors which are excellent.

The collimator area was plagued both by difficulties in obtain-
ing in-spec parts and by the state-of-the-art requirement on assembling
these parts into a complete collimator. The collimation (two arc minutes
for a 5 inch long collimator with a frontal area of 60 inz), although
non-trivial,does not at first seem to push the state of the art. Because
the instrument design requires that not only the primary fan beam be
proper, but that 26 additional off-axis fan beams must also be proper
(spread over 20° in angle) many “new  tolerances become unusually
critical (such as spacing between the grids, flatness of the grid,
uniformity across the grid) and the item does become state-of-the-art.
Throughout the program we continually modified our procedures and
eventually flew three collimators, which though not perfect, are well

able to meet the scientific requirements of the experiment.



The sun-center detector was likewise a difficult item to design and
develop. The design difficulty resulted from the fact that the transmission
function for visible light through the x-ray collimator is extremely com;
plex. The development was difficult because each unit is an integrél part
of a collimagtor-sun center detector system which mesnt its development and
tesf was closely coupled to that of the collimators, which were difficult
on their own. Also, proper testing required a complex test set-up including
real sunshine, a precision rotating turntable, and a fair amount of the
digital control electronics. All these problems-were eventually dealt with

and the in-orbit operation of the sun center detectors has been excellent.

PREPARATTON FOR POST-LAUNCH ACTIVITIES

In early 1975 a data link was set up between GSFC and LMSC to enable
us to receive quick look data. The plan was to provide us with approxi-
mately one real time pass per orbit and 3-4 full orbit tape recorder
playbacks daily. Data format was agreed upon and the spftware for receiving
the data, writing it onto magnetic tape, and.transmitting to GSFC a summary

of the transmission quality was made operational.

Programs to read these tapes were written. One program displays
the engineering status of the start of the data transmission and records
all changes and any out-of-limit conditions for the remainder of the
data. This is linked with the data reception program sc that we can

receive data and display status information unattended for periods



of up to 24 hours. Another program enables us to process our science
words and form spatial digtributions around the sun which then ensbles
an intergctive capability for locatihg the x-ray emittiné regions on the
sun. Several other quick look science programs were glso initiated dur-
ipg the pre-launch period. Examples of outputs of these codes are

presented in the following section.

A detailed code was written which yields the .response of all six
detector systems to a source at a given location with a given energy
spectra for a stated satellite aspect and spin rate. A code was obtaineQ/f)L,
and modified to run on the ILMSC Univac-1110 computer ,which produces an
energy spectra as a function of an input temperature based on the Tucker
and Koren formulation for a low density plasma. The combining of these

two major codes also began during the pre-launch period.

FEARLY IN-ORBIT OPERATIONS

After two months of orbital operatiops, the MXRH is continuing to
perform properly and mske observations which contain a wealth of solar
information, and which demonstrate the potential for making contributions
in the extra-solar field. All subsystems are operating.properly at this

time.

We are receiving about 70% of the expected quick look data. A few
illustrations of these data will follow. Figure 1 shows a sequence of

raw data sets wherein one can watch active regions R619 and R618 as the



sun rotates. Several small flares were observed in these regions. Figure 2
is a light curve for one of these flares. . Several of the raw data sets have
been fitted to count histograms which are predicted when the Tucker-Koren
formulation is folded through the instrument response code(as discussed

in the last section}where Temperature and Emission Measure are the free

-
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parameters. The resultsiare consistent with previously known values for ?
N— T —" g — T — N

similar active regions. It should be emphasized that these results are
all based on quick look data with none of the more subtle corrections yet
folded in. They do, however, illustrate that the instrument is obtaining
the observations for which it was built and promises to provide many worth-
while observations for future analysis. The scientific investigators
involved in this experiment are totally satisfied with the instrument

performance to date.
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Figure 1 A sequence of data sets showing Active Regions R619 and R618 "move across the
4 sun." The set represents roll angles varying from 63° to 123°.
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Figure 2 X-ra}y llght curves of a flare on 2 August 1975. These
ddfa are from the low sensitivity or flare detector
of the MY{RH verticsl system.
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1. - INTRODUCTION

This technical.manual is in response to Item 18 of Contract NAS 5-11360.

Its purpose is to provide an understanding of the overall operation of the
IMSC Mapping X-Ray Heliometer Instrument (MXRH) to the degree needed by
personnel who interact with the experimenter during SC/experiment interfacing,
experiment testing, observatory integration and testing,éfé/bqst,launch data
processing,vetc. The manual will make no effort to provide a detailed
description of the scientific efforts we anticipate performing with the

instrument. The manual received its final revision in August of 1975.

The primary objective of the experiment is to record solar x-rays with éﬁérgies
of 2-30 keV with good temporal, spectral and spatial resolution and to provide
a portion of this information to the scientific community on a timely basis.
Extra—sblérx—ray data will also be obtained and used to study a number of the

stronger sources.

To accomplish these goals an instrument combining mechanical collimators and
proportional counter detectors was designed which would conduct observations
from a compartment of the 0SO wheel. Figure 1 édeS'theﬁééﬁéréi layout of, - .-

the MXRE-instrument, while Pable .I-gives a summary of the instrument charac-

teristics.

The MXRH insbtrument occupies one 40° compartment of the 080-I wheel. Illus-
tration I is an artist's conception of 0S0-T. in which the»MXRHlis indicated.

T1lustration II is a photo of the MXRH prior to integration into the observatory.
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Figure 1 The physical arrangement of the major portions of the
Mapping X-Ray Heliometer.
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EXPERIMENT SUMMARY
.. MAPPING X-RAY HELIOMETER
IMSC, 0S0-I

~

A\

\Wj

PHYSICAL SIZE:
- WEIGHT: | |

POWER:

TM RATE:

DETECTION SYSTEM: .

SPECTRAL RANGE:
SPECTRAL RESOLUTION:
" ANGULAR RESOLUTION:
TIME RESOLUTION:

EFFECTIVE ARFA: -

DYNAMIC RANGE:

COMMENT :

ONE 0S0-I WHEEL COMPARTMENT
86 LBS -

9.5 WATTS

580 BITS/SEC

ODA TYPE COLLIMATORS
PROPORTIONAL COUNTERS

2 - 30 KEV

< 204, FWEM AT 6 KEV

" 2 ARC MIN FWHM COLLIMATION

* 10 SEC

3 DETECTORS . . . 60 o® EA (LARGE DETECTORS)
2 DETECTORS';ﬁ: . 2.3 o EA (THIN WINDOW DET.)

1 DETECTOR . . . 1 CM° (SMALL FLARE DET.)

\od
> 10° '

3 COLLIMATED SYSTEMS (0°, + 60°
FROM VERTICAL) SCAN THE SUN TO
'PRODUCE SPECTROHELIOGRAMS.









2 INSTRUMENT DESCRIPTION - PHYSICAL

The instrument consists of three =x-ray collimation and detection
systems, a power supply/distribution system, and a data accumulation/
readout system. Figure 2 is a front view photograph of the Desigm Qualification
Instrument with some of the maJjor s@fystems labelled. The Design Qualification
Instrument is used for Figure 2 (and 35 4) since it provides subsystem visibility

better than any of the Flight Instrument photographs.

The power converter unit (PCU) converts the spacecraft power (+28V) into
the various voltages required by the instrument. The power distribution
unit (PDU) distributes these voltages to the remainder of the instrument.
The voltages for various subsystems of the instrument may be turned on or off
in the PDU by ground command. The PDU also contains the control system for

stepping the stepper motors which are part of the on board calibration system.

The three x-ray collimators are identical in physical size, but have
differently oriented fields of view. The vertical collimator has a field of
view which is 2.1 arc minutes full-width-at-half-maximum-transmission (FWHM)
in a plane parallel to the 0SO wheel and ~ 5 © FyHM perpendicular to this plane.
Slant A and slant B collimators also have narrow fields of view of 2.1 arc
minutes FWHM, but these fields are inclined at +60° and -60° from the field of
view of the vertical collimgtor. The manner in which these fields of view pro-

vide complimentary solar x-ray observations will be made clear in later sections,

Associated with each collimator is a trigger eye unit. Each trigger eye
has a field of view 17 arc min FWHM by > 200 FWHM, The collimators are used to

collimate both x-rays and sunlight while the trigger eye units are used only

to collimate sunlight.
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The final labeled item in the photograph of Figure 2 is the front panel test
connector which is mounted directly to the shelf. This connector is used

only during instrument testing and is covered during flight.

Figure 3 is another frontal view but with two collimators removed in
order to display the detectlon subsystems better. In the flight unit,
both slant systems contain Thin Window Detectors while the vertical

system contains a Small Flare Detector.

The sun center detectors are gnits which sense the sunlight
which passes through the collimator> to determine when the center of g
collimgtor's narrow field of view crosses the center of the sun. This informa-
tion is used by the data accumulation electronics to control the gathering of
solar x-ray data with better spatial accuracy than can be obtained using the space-
craft provided aspect information. The gbility to use the spacecraft aspect

system as a backup operational mode is retained, however.

The calibration units contain radiocactive sources which are exposed or

shielded as controlled by commands. This allows in-flight system calibration

using x-rays of known energiles.
q
All three types of x-ray detectors in the instrument sre sealed propor-
tional counter detectors. The three different detectors types are required in

order to obtain useful data from a wide variety of solar conditions as will

be described in more detail in Section 5.4.
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Figure L is a side view photograph of the ingtrument. In addition to
many of the previously mentioned items, this view shows the gated pulse height
analyzer (PHA) box, a pair of memories, and'the signal distribution/digital

electronics assembly.

The signal distribution assembly is the interface point for all
electrical signals and power lines between the spacecraft and the instrument.
Attached directly to the signal distribution assembly is the digital electronics
system which controls the data accumulation sequence and the data readout

sequence.

The output of the proportional counter detectors is a signal whose

amplitude is proportional to the energy of the x-ray which was detected to

an accuracy imposed by the statistics of the detection process. This signal
ig amplified in the detector electronics box and then goes to the gated PHA
box. Here, providing conditions are proper for its acceptance, its analog
amplitude 1s converted to a digital number. This energy information is com-
bined with a number specifying the collimgtor viewing direction for that x-ray
event to form a 9 bit memory address and a one is added to the existing number
in the memory word of that address. As will be described in detail in Section
3; this process asynchronously repeats during the data collection period;

the memories are read out to telemetry during the data readout period.
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3. FUNCTIONAL: OPERATION - TYPICAL MODE

This section describes a typlcal operational mode of the instrument in
a manner Whlch indicates the purposes and 1nterrelat1onsn1psrof tne tarlous sub-
systems. Variations from this typical operational mode will be discussed in
Section 4. For aid in understanding the instruments functioning, an electronic

block diagram has been included as Appendix V.

The typical mode is one in which the sun is the target of observation
and all three systems are in operation. For an aspect having zero pitch,
F\\
the instrument gathers data for approximately 20° of wheel rotation (~ .§~T

seconds) centered on the sun and transfers the contents of one memory to

telemetry (TM) during the remainder of;@héf}évgiﬁfibﬁ. ‘The instrument h#?

three data gathering systems and two memories; one memory is used only by

the vertical system while the other memory is shared by the two slant systems.

e e

This results in data from two successive solar passes being! accumulated//

L

Fo— e T

one memory before that memory is readoutl In addition to the solar data, « 1}

e e Ty

‘backgronnd data are gathered for about one second of tlme 1n the ant1—

- - ~ £ - P - \r‘,_,.?-- g,:\,-J\.q n—\‘

Fonpor R it
solarldlrectlon The background date,aregathered by the system whlch is not readlng
et i ,..,a.«v#tw e, l‘ :" ,.‘,:r-h-‘ _':;‘ : ‘L_‘/\/ L e /“i:}; S A e e e
out but whlch will be.readlng out next Flgure 5 dlsplays such g sequence. Note
M T DO T e e 2 e N e e

that the vertical sgystem gathers data on every solar pass while a specific
slant system gathers data for two passes and is inactive for the next two

passes; thereby gathering data for half as much total time as the vertical

system.

/\//‘/"" e S e I ‘Jj'J e ~,-._3,,«-~~.‘,. ~

To descrlbe a data, gatherlng 1nterval in more detall, cons1der . £
Ay T ST NS e e e T T e e —
o RN =
the vertical system As the wheel rotates, the sun comes 1ntoAthe VleW O?Kthe
BN

instrumenﬂ As w1ll be explalned in detall 1n Sectlon 5 l the vertlcal Oda colli- \j

e—

mator produces fan beams of transmission spaced 42 arc mlnutes apart which

512

S
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successively sweep across the solar disk. This result is : & response similar

%0 a sine wave in the sug center detector which is responding to sunlight inten-
sity in proportion to the amount of solar disk in the collimator field of view.
Pulses, formed at the successive maxima of this signal, correspond to sun center.
Figure 6 displays such a sequence. The single transmission beam of the vertical
trigger eye is oriented so as to lead the central fan beam of the collimator by
about 10°. It therefore lies between fan beams #-16 and #-15 of the collima-

tor where #0 is the transmission beam normal to the collimator front face and where

negative numbered beams contact the sun first as the wheel rotates.

Still.refefringto Figure 6, a 128 kHz, clock is counted to establish the
time between sun center pulses #-15 and -14. Thig count is called Nl' The

next N1/2 clock pulses are counted, thereby approximately locating the point

-/

at which fan beam #-13 begins its traversal of the 42 arc minute target area.

The next Nl clock pulses are counted to locate where/when it should complete

its traversal. This process of using the preceeding optical signal; to define
solar transit of the next fan beam for x-ray data collection is updated with
each sun center signal (i.e. N2/2 and N2 define fan beam #-12, etc.). In this

menner, solar data collection operates‘iﬁdébendéhtiyﬁaf éﬁy.éﬁéll.ébiniraté

variations as well as ihﬁependently of the spacecraft aspect system and of

the spacecraft/instrument alignment. In the slant system thisCalso

automatically compensates for pitch variations which would otherwise result

in azimuthal varistions.

Consider a single fan beam (#-13 again) crossing the sun under the

control just described. We use Nl to form Nl/32 and count clock pulses to form
.Y
\32_§dccessive spatial area segments which are Nl/32 counts wide. The x-ray data
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arethen stored into 31 separate buffers which represent area segments
 ~ 1.3 arc minutes (1'3 ) wide. No dataeu@zcollected for area segment 32. As
fan beam # -12 crosses the target area undef the control of N2, N2/2 and N2/32, a
similar process takes place and the data from each area segmentare added to

- that obtained for that area segment by fan beam # -13. 'This continues for all

27 fan beams. Both slant systems operate'in an anglogous and independent manner,

Although we have used U2 arc minutes as a constant angular separation
Between ad jacent fan beams, this is an approximation based on the assumption that the
angle (8) between the normal fan beam and a side fan beam is small enough that
8 ~ t;n 8. As the number (n) of fan beams used increases, the error in this
approximation becomes larger. The Ni used to generate x-ray data gathering scans
thus has an error which increases for large n. Only fan beams for which this error
. has an rms value of < 20% of an area segment widfh are used to gather x-ray data.

This results in the usage of 27 fan beams fbr the vertical system and 13 for the slant.

Each x-ray event for a detector which is gated cpen at that time is pulse

helght analyzed and put into one of 15 energy channels.gFourteen of these are

. .
el e

% and one ffwfv‘i

pgﬁainpg_qhannel_}_of the 16 channel distribution. Table II shows the usage of the PHA

channels for the low and medium sensitivity detectors. The energy values must be

divided in half for the thin window detector. Since this is done for 32 individual

16



TABLE IT

CHANNEL DEFINITION FOR THE LOW AND MEDIUM
' SENSITIVITY DETECTORS*

o Channel S Channel Conténts
PRD Events
2 1.3 - 1.8 keV x-rays-
3 1.8 - 2.3 keV x-rays
L 2.3 - 2.8 keV x-rays
5 2.8 - 3.3 keV X-rays
6 3.3 - 3.8 keV x-rays
7 3.8 - 4.3 XeV x-rays
8 4.3 - 5.3 keV x-rays
9 5.3 - 5.8 KeV x-rays
10 5.8 - 6.3 keV x-rays
1 6.3 - 6.8 KeV x-rays
12 6.8 - 7.3 keV x-rays
13 7.3 - 7.8 KeV x-rays
14 7.8 - 9.8 keV X-rays
15 9.8 - 13.8 keV X-rays - :
16, 2 13 8 Kel (Integral Channel) X-rays i

Divide the energies by two for the high sensitivity detectors.

NOTE: These are nominal values. Actual values for the six flight

detectors may be found in Appendix VI.
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one ends up with a 32 x 16 matrix of numbers. This matrix is
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~stored in the 512 word (8 bits each) memory associated with that system.

As mentioned in Section -1l (See Figure 3) there are 3 types of detectors
in the instrument. They are of varied sensitivities in order to ensble the
instrument to respond to g wide range of solar conditiong; To obtain useful
data, the data must not saturate the detector or the 8 bit memory words under
high flux conditions, while still being stat;stically significant for low
flux conditions. The detector nomenclature is: thin window detector or
high sensitivity, large detector or medium sensitivity, and small flare detec-
tor or low sensitivity. The vertical system contains a flare detector and a
large detector. Both Slant A and Slént_B systems contain a large detector

and a thin window detector.

When a system is functioning both of its detectors are responding to x-rays.

. P
~ R . . PRGN . -

-fﬁ@ye?gf}iﬁhipﬁiéfvﬁhé aéﬁéqtérsfiséc¢nnééﬁgd to the:puiéé height anal&zér/memory

is controlled by an analog gating system placed between the detector main amp
oétputs and the PHA input. We have grouped the 32 area segments into 16 sensi-
tivity segments (area égéméﬁﬁs 2 and-3, 4 and 5, ...32 and 1). As a fan beam
crosses the sun, either detector of a pair may be gated on for any sensitivity
segment. When the next fan beam crosses the sun, the same sequence of sensgi-
tivity selection is repeated. This is true for a full data gather period

(2 080 wheel rotations in a typical operational mode), but may be changed

for the next data period. The three systems have independent sensitivity



sequences, Normal operation is the Automatic Sensitivity Switching Mode. In
this mode, the sensitivity selections for a data gather period are based on
information from the last data gather period. Consider the;ﬁigher sensitivity

- ‘detector as the normal state. A sensitivity switch for anyHSenéitivity segmént

is thed madé_frém the higher sénsitii}rity detector. to the lower. sensitivity if
the counts in any differential energy cﬁannél exceedft,Cl (where C1 = 64

o£ 128 or 192 as selected by ground command) counts. A switch back to the
higher sensitivity is made as soon as we fail to record more than C2.(where
C2 =4 or 8 or 16 as selected by ground command) counts for that sensitivity

segment. Different values of Cl and C2 may exist simultaneously for the verti-

cal and slant gystems.

Anytime the counting rate is such that either Cl or C2 are exceeded
for the vertical system, the instrument attempts to issue a Flare Event
signal to command memory. The signal is only issued however if we have

enabled this action by issuing the Eventf?lagtﬁésef commaqd.
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; (84,0 for slant)

L, ALTERNATE OPERATIONAL MODES
Besides the typical mode of operation there are'Qghéfhdpefétiohéi‘ :

modes which are variations frqﬁ thé_tyﬁiéél_modé.

L.1 Configured Sengitivity Mode

Rather than allow automatic sensitivity switching we can send a 16
bit serial magnitude command and specify a pattern of sensitivities that
gates in and out the detector outputs accordingly without regard to the
actual collected data. Each of the three systems may independently be operating
in an automatically switching or a configured mode and the configuration may

be different for each system.

.2 Fine Spatial Mode

I T e SO
As described above, the target area is typically 42 arc @in (42.0)

‘wide in azimuth. If desired, this width can be.reduced

s . ' ) , - RS

by a factor of 4. The resultant '10.5 ' target may be established as either
- —r

of the central two quadrants of the initial 42.0 target. This target is

then divided into 32 area segments as always so the area segments are now

vy

~'Q;3,)*wide. Each of the three systems can be independently placed into fine
or coarse mode agnd into either of the possible fine spatial mode target qua-
drants as desired. The sensitivity switching options are the same as before

for a 32 area segment target.

4.3 Selected Systems Only Mode

Through use of the proper combination of commands the instrument can

be configured so that any subset of the three systems can be operating instead
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. of all three. The motivation for such operatlon(I; elther to 1mprove

o L s = - .

the time resolution while sacrificing some spatial resolution, or to
disablcma malfunctioping system in chc most advantageous manner for total

instrument operation.

If we go to a single system (any of the three), we collect data for a

\s1ngle“solar pass, read out that memory durlng the remalnder of the fevolutlon,

and repeat the process on the next pass. No anti-target background data

L.ééc éoiiécgéh. This allows us a new snapshot every 10 seconds from the same

T — e

system thereby improving the time resolution of the instrument. We are now

—en L ) -

collectlng only half the avallable data howaver “\’}

We can also use any two systems. If this is a slant system and the
vertical systemyeach system stores data for two target passes and the memories
are read out alternately as in normal operation. Anti-target background dats

‘are. collected as normal If the two slant systems are selected, one system
collccts data for a single target pass and reads it out immediately, and the
other system collects data for the next target pass and read it out immediately,
etc. Since we are only using one memorxjonly half as much data a?élféiiééﬁéé?
as is available. No background data<§;cicollcctéd§;

-~ [RUE—

L.n Extra Solar Mode

The instrument will also be used to study sources of extra solar x-rays.
The operation is nearly identical to that for normal daytime operation except
that the target location does not contain the sun. Instead of originating

the data gather sequence by the trigger eye pulse, we now use the information

%01



available in the spacecraft aspect pulsesg’i:é., the Magﬁer Index. Pulse (MIP) and

Shaft Angle Encoder (SAE). Using a serial magnitude command, one defines

7

the target location as a number of SAE pulses (each’éépé;afédﬁ%yﬁéféi) ~3; 
away from the MIP pulse. The instrument counts SAE pulses until this location
is reached and then issues a psuedo solar trigger pulse. The collimators

were designed so that the nominal separation between successive fan beams

U

. ] e m e T = ’ R I
{is 16 SAE pulses (42.08¢) for the vertical collimator and 32 SAE

pulses for the slant collimators. Psuedo sun center pulses may thus be
generated by either every 16th or every 32nd SAE pulse. Using these psuedo
solar pulses, the data is gathered and read out exactly as iniﬁhéﬁdaynmodé;-and

background is collected in the anti-target direction asié@rmﬁi.w All

P - T - T
systems now begin a data gather period at the same time so{ihat;the_acﬁg@}.ta;get
location in the sky for the slant systems will require an after-the-fact

pitch correction using the spacecraft aspect{inforﬁ%tion.



L. .5 Calibration Mode

"Each detector pair hés its own radicactive calibration assembly. This
assembly consists of a source of Fe-55 and Pu-238 (on a Cd backing) which
provides x-rays at 3.0, 5.9, 13.5 and 15.5 keV. The detectors may be exposed

to the source by command.

_To understand the Calibration Mode of operation consider first the
vertical system. During normal expérimént operatibn, data are gathered for
27 fan beam target sweeps (i.e., fbr?v 0.52 seconds) and then no more data
are collected for the remainder of the revolution (i.e. ~ 9.48 seconds). The

0.52 seconds is shared by the two detectors of a pair. The detectors are

responding -throughout the ‘revolution, Of course; Bt we only Téedrd’ them ~ 5.2%

<o,

of ‘the %ime;”'iffdﬁéxéiﬁpiy 1ﬁ£roaﬁéédfé céli5fé£f6ﬁ é6urée into the picture,
95% of the calibration x-rays would be using up the lifetime of the detector pair
while not being used for calibration, and it would take a fairly long calibra-

tion period to obtain the desired statistics.

To remedy this, a High Duty Mode was designed. This mode is automatic
when we are in a Night Mode of operation and in a Calib. Mode for the system
being discussed. A normal vertical data collection cycle uses 2 fan beams to
establish its sequence and records data for 27 fan beam sweeps. In the High
Duty Mode, we combine seventeen similar cycles in a row before allowing a
read out period. Actually, each cycle is now composed of 2 fan beams of no ‘

data, 27 fan.beams of data, and 3 fan beams of no data.

' L
In Night Mode a vertical psuedo sun center pulse is formed every 2 SAE

pulses. Thirty-two (2 + 27 + 3) fan beams means’25 X 24 = 29 SAE pulses and
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13

sixteen cycles means 29 X 24 = 27 SAE pulses = one revolution. -So the
series of l% data gather cycles lasts one revolution plus one cycle. We then
read out one system for the remainder of the 2nd revolution. Thus, we record
data for 8.84/20 = 45% instead of 5% of the exposed time. As always, two

data gather sequences are normally combined into a memory before it is read

A slant system works in a similar manner, where now in the High Duty
Mode a sequence is: 2 fan beams of no data, 13 fan beams of_data and 1 fan
5
beam of no data. Psuedo sun center pulses are now separated by 27 SAE pulses
13

and sixteen cycles gives 2LL X 24 X 25 = 277 = 1 revolution. The percentage of

time that data is being recorded by the slant memory 1is thereby increased from

.51/10 = 5.1% to 17 x .51/20 = 434,

In a situation Where all three systems are powered up, the ~ 45% must
be shared by 2 vertical detectors and the 43% must be shared between 4 slant
detectors. Nothing éan be done to inhibit one detector of a pair while the
other is collecting data, hoﬁevér by using appropriate combinations of the
discrete commands for turning voltage busses ON/OFF and for turning calibra-
tion assemblies ON/OFF we can eliminate having one slant pair exposed to
calibration x-rays while the other slant pair is being calibrated; thus a slant

detector pair can also have a ~ 45% "useful" duty cycle.

oL -



u.6 Alternate Data Mode

The instrument has an alternate mode of handling data which may
be selected by ground command. In this mode the memories and a major por-
-tion of the digital readout system are bypassed when pfocessing science
data. This mode is a backup mode for handling solar data and an alternate
mode for handling extra solar data; the major motivation for incorporating
it being to improve our reliability with respect to accomplishing the

solar physics goals of the experiment.

In the alternate data mode only one system (Vertical or Slant A or
Slant B) is powered up st any given time. Each X-ray event into. that system is
processed as usual with regard to detectors, detector electronics and the PHA,
but rather than input that event to'the memories a single T™M serial word is
used to describe the event. Four bits of the TM word are used to define the
energy (i.e., the normal 16 channels),three bits are used for spatial infor-
mation and one bit defines the detector selected. Thus, the target area is
now subdivided into 8 rather than 32 area segments. Data is gathered (and
readout) -constantly rather than only at the target area since there are no

memories to readout when not looking at the target. When not pointing to

The event rate which can be processed in this manner is now limited to

75 cts/sec;»the rate of our prime serial data words. This will decrease our

ability, but in no way prevent us from doing worthwhile solar physics. In the

extra solar work it will decrease our ability to study a specific source, but

25



actually increase our ability to scan for sowrces and to examine several
sources at once. Thus, it will be used for some extra solar work even

with g fully functioning instrument.-
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5.  SUBSYSTEM DETAILS U Ta

5.1 Collimators

’
[}

: Each_ppl}imator 1s of the Oda désign.(Spéce Sci.Rev.,§jf47l, 1968).
Figure 71» illustrates the principal of an Oda collimator using the vertical
collimator as an example. The ggries dfﬂO.®O3-inéh opehingé:gives*a traﬁé-
mission perpendicular to the collimator face having Q?FWHM of_e,i minutes of
arc. Using 0.0047.inch lands and S.griqs spaceqvin fhe géometricai.éeriés shown
in Figure - 7. yields a second transmission beam (Fan Beam #1) 42.3 arc minutes
away from the nbrmal‘beam Wiﬁlno transmission between beams. «Bimilarily
a': full sequence of fan beams spaced sbout every 42.3 arc minutes from

.

one another;is formed. °
N 'ThéAcollimétor assembl&uddhéisiéuof grids, grid moﬁnting plates and spécers.
The grids are photo-etched from 0.002 inch BeCu stock. They are then given

a nickle flash, a deposit of ~ 0.00025 inch of gold (to provide proper x-ray
attenudtion characteristics)and a nickle flash. The outermost grid also

receives a deposition of aluminum for high thermal reflectivity whilé‘the.

interior grids receive a black nickle flash to enhance the optical properties

of the collimator. The grids are bonded to g 6" x 10" X?l/iﬁ BeCu mounting E ’
I/ 4 § —_

plate in a mechanically precise manner using alignment holes in the plate and

grids. Aluminum spacers are used to separate the grids by the required distances

while each grid is kept aligned with all others by‘snugging the precision feet =~

.of each mounting plate up against a.high tolerance.parallel.set of right.angle \

‘rails. BeCu was used for the mounting plates so that the collimafor transmission

7éﬁ;fééfé}i%£{EEMW6ﬁid noﬁrbé:éitéigdwby éifﬁé}pncéé—iﬁ thérﬁ;i“ékﬁghsion between\«

the grids afid their mounting surfaces.
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Figure T. Successive fan beams of transmission formed gbout
every 42.3 grc minutes for the vertical collimator.
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5.2 Trigger Eyes

A trigger eye unit is a single slit mechanical collimator with a FWHM
transmission of about 17 arc minutes. The collimgtion slit is 0.010 inch
wide and 2.0 inches long. >Behind the slit is a grouping of phototransistors.

As a trigger eye sweeps past the sun a current pulse is generated by these

phototransistors; “the peak of the pulse occurs when the field of view includes the

center of the sun. This signal is processed by electronic circuitry which

determines the signal peak and outputs a TTLvdigital'signal.

The peak detection circuitry transforms the current pulse into a voltage
via a transimpedance amplifier circuit. The pulse is simultaneously fed to a
threshold detector and to a differentiator. The differentiated waveform is

fed to a comparator amplifier resulting in the generation of a positive step

voltage coincident with the peak of the phototransistor array signal. The posi-

tive step voltage and threshold circuit output are then combined by a logical

" 'and' to form a TTL compatible digital output pulse.

Included in each trigger eye is a set of light emitting diodes (LED) which,
during testing, can be pulsed by an external ground support unit to provide a
solar simulation flash of light. They have no function during flight and cannot

be pulsed since the only method of providing power to the units is externally.

5.3 Sun Center Detectors

As described in Section 3.0, the sunlight transmission through the colli-
mator is used to control the data gather sequence; A sun center detector. unit
consists of: (a) a wideband interference filter (4,000 - 5,000A) selected
to provide a light signal whose diffraction characteristics are least detri-

mental to obtaining a ‘true geometrical response of the collimator; (b) a
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diffuser to decrease the light signal distortions which result from shadow-
ing ,‘the small light receiver surfaces of the photo transistors by the
support structures of the grids and mounting frames; (c) a set of photo-
transistors which are wired in a series/parallelrcross étrapping mannef:to
improve functional religbility and further decrease the effect described

in item (b); and (d) a set of "peak-finding electronics.

The peak-finding electronic circuitry consists of a transimpedance
amplifier, a logarithmic amplifier, and a buffer amplifier followed by an

operational amplifier differentiator circuit whose output is a positive

going voltage step éoincident‘with:fhé'peéknpf the photofrénsisto? arféy signal

(i.e. at sun center). A TTL compatible pulse which is formed by the lead-

ing edge of this positive step is the output pulse of the unit.

Included in each sun center detector is a set of LED's which during test emit

-’ -train of light pulses to provide a simulation of the instrument rotating by the

‘sun. As with fhé‘t}igger éye uni%s,

”ddfing flighﬁufhése:unité“afetnoi powered.

5.4 Proportional Counter Detectors

There are three designs of proportional counters used in the MXRH
ingtrument. Classified according to senéitiVity and quantity we have:
(a) one low sensitivity or small flare detector which will record a signi-
ficant number of counﬁs only from flaring solar regions, (b) three medium
sensitivity or large detectors which will principally be the detector in
use, and (c) two high sensitivity or thin window detectors which will enable

us to study the weak active regions which will be commonplace during the
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period of solar minimum (which corresponds to a portion of the 0S0-I
lifetime). These detectors were designed by IMSC and were assembled,
with Lockheed furnished parts, by Twentieth Century Ltd. in England.

They are all sealed, gas~-filled detectors.

Appendix VI shows the effective areas for the different detectors when
placed. behind the collimgtors. Figure 8 illustrates the sensitivities of the
three detectors by comparing the two smgll detectors to the large detector. As
can be seen, the thin window detector is more than 50 times as sensitive .as the

large detector at low solar temperafures (which corresponds to low flux rates

and a steep energy spectrum), while the small flare detector is about 20
times less sensitive at high solar temperature (which corresponds to high

flux rates and a less steep energy spectrum). This combination of detectors

>

gives the instrument a dynamic range of operation in excess of 10-7.

long cylindrical Be body “with .070"

The large detector has a 3"diametef‘x 10"

walls except for a pair of 1" long machlned flats w1th a minimum thlckness of

;;608" These Were added to optlmlze the detector spectral response character-

istics. They have a .003" anode wire and are filled with 90% Argon - 10%
CH4. Dual-voltage field shaping electrodes are iﬁeiuded at the detector ends

to maintain a uniform gain (within +2%) over the central 9" of the detector

length.

The small flare detector has a 1"diameter x 5 long cyllndrlcal Be body
with 025" ﬁalls, of whlch only about the central 2” is used for X~ ray detec-

“tion. It is fllled with 90% Xenon - 10% CH ‘and has a .003" anode wire.
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The thin window detector has a 5"1ong x i"Ai>i6>féctangular aluminum
body. The front side of the detector contains a pair of 2" x 3/8" Be win-
dows).063"tthick. The detector has a .004" anode wire and is filled with
90% Argon - 3%.C0é.. The thin window detector and small flare detector

are physically interchangeable in a detector pair assembly.

The high voltage to the detectors will be turned off when the instru-
ment is in the South Atlantic Anomgly region.. This will be done from
spacecraft command memory after an anomaly entrance has been declared
either by one of the other wheel experiments or by orbit software. Our
instrument has no internal capability for recognizing the anomaly. About
100 passes through the anomaly without turning the high voltage off would

begin to degrade the performaﬁégwof these detectors;
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5.5 Detector Associated Electronics

The output of each proportional counter is coupled into a charge

sens1t1ve preampllfler which drives a pulse shaping amplifier (Main Amplifier).

;The resultant output 1s a blpolar s1gnal hav1ng a posltlve peak ampll-
tude that is proportionagl to the energy deposited by the photon (or
energetic particle) which penetrated the detector. This signal goes to a

*Pulse Height Analyzer (PHA) via an Analog Gate Pair (AGP). In addition,
-5 nofs .

3 == e - =

each large detector has ass001ated w1th 1ts preampllfler/shaplng ampllfler

—— -~ ] N
. - R S b e i N
= .-

gstrlng a Pulse Rlsetlme Dlscrlmlnator (PRD) whose purpese- 1s to generate ”f

\_,\

,,,,, -~

s, TTL level s1gnal when the event: belng processed was caused by somethlng

gother than an %= ray.\ Thls Ty s1gnal is utlllzed %o suppress the
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A High Voltage Converter (HVC) is associated with each detector
pair. This HVC supplies the voltages needed for the two detector's ancdes

and for the two field shaping electrodes of the large detectors.




5.5.1 High Voltage Converter

The high voltage converter is g highly stable converter utilizing'

a varisble pulse width oscillator te drlve a resonant transformer The output of

ithe transformer 1s parallel fed into a voltage multlpller stack from:whlch the

various output voltages are tapped. All voltages are pi filtered prior

to being output to theC;detectors. A voltage is also generated
a Ge )

which is fed into one siderof a voltage comparator and compared with a
precision reference voltage. The output of this comparator :controls_in‘
the energy input from the oscillator into the resonant transformer and
thence the output voltage levels. The HVC was detail designed and built
by the Time Zero Corporation. Some of the important characteristics are

given in the following data table:

HVC Summary of Performance

Inputs:
Voltage + 20 Vde + 5%
Current 5 ma, maximum
Outputs: o
'Voltage o Stability*
N 4
Anode No. 1= +2550 Vdc: L (Vdc max. variation band
Anode No. 2= +2450 Vde' 4 Vde max. variation band

Field Tube No.l= +839.Vdo 2 VqQ-maX. variation band
Field Tube No.2= +403 Vde 2 Vdc max. variation band

Output Ripple is less than 1 mV p-p on all outputs and Crosstalk is less
than 1 'mV for l”VQl@:pulse on any other output. Any output may be grounded
without changing the other voltages by more than 0.5%.

S . - ERENEE - Nt . . o LT
) - B
=g -

Stablllty is over any comblnatlon'of 1nput voltage varlatlons (+ 5%) and

ambient temperature changes over the range of -15 °¢ to +4O C.
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5.5.2 Preamplifier and Main Amplifiers

The charge sensitive preamplifier is a cascode design utilizing
a bootstrapped emitter follower output stage and an FET input stage.
Current sources are utilized to establish the proper bias current levéls
while maintaining the required high impedances to the signals path. An
input gate protection circuit is employed to preclude damage to the
preamPlifie; in the event of high voltage arcing ai.any‘poiﬁf’in front.

_of the input.

The preamplifier has a voltage-to-charge conversion factor of
approximately 1 x 1072 Volts/Coulonb, a rise time of less than 100 nano-
o S
seconds (less than 40 nanoseconds with no input protectlon) and an overall

noise level less than 800 electron pairs equivalent (less than 550,électron

PEES -
pairs with no input protectlon) when used in comblnatlon w1th the
S —— e 2 S S T = . e e mel L
’shaplng (maln) ampllfler. _ _
- ‘ - T Ao N k‘»]
R S

The pulse shapinggé?plifier.consists of 2 céscade stages
of cascode amplification separéted by a gain adjusting network. Each
stage of the amplifier is comnected as an operational amplifier type
of integrating differentiator having equal differentiating and integrating
time constants in each stage.. The final output stage is a push-pull
emitter follower design which allows one to drive several feet of coaxial

cable and various test equipment/fw?th little effect on the output signal.

The pulse shaplng ampllfler when used in combination with the ¢/

MXRH preampllfler has a linear output range of approx1mately 7 v
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o

(positive peak), a shaping time (FWH%:{positive peak) of 500 ns (for a 50 ng ~=
risetime test input signal), and will recover completely from a X100 over-

load pulse within 8 useconds. The combination of the MXRH preamplifier and

main amplifier isstable to better than 0.1% of full scale over a temperature range

-of —lO C to +10°C and a buss voltage variation of + l% from nominal levels of
+ lO Volts.

5.5.3 Pulse Risetime Discriminator
' _‘;*_Q: ”,L -__\._’-?-
Based upon the(ffaét .-that low energy x-ray ! { events typlcally

N

foause affaster risetimes of charge buildup at the center wire of -

‘fa gas “filled proportional counter than do charged particle“ e

o e e . ~. e ~ R

e SN e

events, a pulse risetime discriminator unit has been incorporated

into the de51gn of the Mapping X~ Ray Heliometer Experiment in order to

effectively reduce the: background/events caused by charged particles
e — N
L N O B —_—
!

a:The pulse:risetime diseriminatér circuit eonSists_of~"
‘an input emitter follower which feeds two separdte circuit

~ .

chains simultaneously. One circuit chain serves to doubly-differentiate
B

the input signal%Kfrom the preamplifierﬂand §%eé£éssa positije going vol-

tage step corresponding in time to the point of maximum slope of the

preamplifier.signal. The other circuit chain serves to create a pulse

with a fixed width whose leading edge corresponds in time to the start

of preamplifier signal and whose trailing edge corresponds in time to the

point Just past the point of maximum slope of the preamplifier signal

when the signal is from a desirable x-ray :Eéeﬁtf{ The two signals thus

created are combined in a "D" type of flip—flop;]‘Ener;liégrlop glves a high

(logic "1") output if the time of occurrence of maximum preamplifier *

f,_,sﬁign'alsl:ope wasmafter the disappearance of the fixed width pulse;

e
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thus signaling that the event Just processed was not an x-ray event'fM??J\
Y e A e T S e
‘but should be ogged as a- PRD event. The "D" flip-flop

© e~

output remains low (logic "O") if the event processed is an x-ray

event within the range of interest.
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5.6 Pulse Height Analyzer and Decode

The Pulse Height Analyzer and Decode (PHA/Decode) system consists

of a noise threshold and postive rise discriminator circuit, a peak stor-
' r
ing circuit, a successive approximation analog-to-digital converter,:a:sé% of

decoding logic circuitry, and control logic and clearing circuitry.

T NI

The‘fégi§e threshold and positive rise discriminator c1rcu1t per-
forms the function of not allowing signals smaller than approximately 200
millivolts peak amplitude to become peak stored and most importantly,

it does not allow the storing of any signal peak unless the incoming signal
m e
started from the O Volts level (or below) with a positive slope and main-

tained that slope up to the positive peak amplitude.

The peak storing c1rcu1t consists of buffer amplifiers that are
gyt’uhrc./g,,

J S /*‘A‘;\»_Jﬁ_\\_/ —

de31gned S0 that ‘a charge is stored in & capa01tor that

S e e e s e BRSSP T e e J
N P e B e e

\-.A)‘)"

is exactly representative of the pesk positive voltage amplitude of

the incoming signsl. This charge is then presented to the analog to digi-
- \ .
tal converter (ADC) section of the PHA by means of a; Iggegégce

“oa

e [

Buffer/Driver Circuit in order that the ADC sees an essentially constant

et v A = = . N —

voltage during the conversion process/,’
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The ADC portlon of the PHA 1s a succe551ve approx1matlon-type s

\ N

I N _ / p— T I N P - — ——m et

s s

o e

‘hav1ng 1ts own l 024 MHz 0501llatorzand utilizing a 10 bit DAC in order

A e e ~ PR

to obtain a resolutlon capability of approx1mately 0. l% of full scale.
Tt T - - - TN - o —/"’-"‘_l

The trﬁiég of the ADC 1s such that convers1on is cbﬁplete after 10 uséc

N o - 5 - . —— - e
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Only the five high order bits of the DAC are used in the conversion
process,resulting in effectively a 32 chamnel PHA. These 32 channels are
then five-line to four-line decoded via the decode circuitry such that

16 PHA addreeees are presented to the memory units in accordance with

A e
Taple II o_f Section 3..v" S
0‘/‘0 i T 39@ = ~ R .

The control logic and clearing circuitry of the PHA performSthe
various functions such as allowing only one signal to be accepted at
a time, telling the data storing system when to accept a converted
signal, clearing the peak storing circult contents once conversion is
complete and resetting the whole PHA system to be ready for the next

signal event to be processed.

e SR

An important and unique feature of the PHA system 1s that s

CR
8

the five low order bits of the DAC are wired to logical "1's" and "O'sg"

such that in combination with the 4th bit of the DAC the analog signal

is set to “a O.b4 ~ volt level R Hence, the last step of each 'Al“_ o ' N

/12 psec PHA cycle is to set in the 4th bit of the DAC so that . . — ———r =
we have a very stable (x5 mV) digitally generated threshold voltage without
resorting to the usual approaches to the problem. The lst step in the

conversion process then becomes one of clearing out the 4th bit while

setting in the 1lst bit of the DAC.

40
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5.7 Memory System

The memory system is a 4096 bit core memory érranged in 512 8-bit

words. It was designed and built under subcontract by the Time Zero Corpora-

—— P

tiéﬁ;kTorréﬁéé,.baliféghié; In<££é’MXRH insﬁrument two;@emofié§>are uséa;
one in the vertical system, oﬁe in the slant system. For thié reason,
the memories are'designed for ease of interchangeability. The two
memories (see Figure 4 of Section 2) are mounted back-to-back with basic

dimensions of 4.7 x 7.0 x 2.8 inches.

The block diagram of the memory system, showing all electrical
interfaces with the rest of the Heliometer system, and the basic internal
organization of the memory, is shown in Figure 9. The electrical inter-
faces of data and control lines are the inputs and outputs of low power
TTL (54L Series) digital integrated circuits with protected inputs. These
digital integrated circuits, as well as the hybrid current drivers and
sense amplifiers, are flat-pack type of packaging mounted on two multi-
layer printed ‘¢ircuit boards. Between these two boards is mounted the
core stack.

*Tﬁe ofganization of ﬁﬁe address into 4-bité of X address, and 5 bits
Y address is net explicitly shown in the block diagfém.r Thus; .-

the memory system is organized as a 16 x 32 matrix of 8-bit words.
It should be noted that the power system 1s strobed during the memory

cycle for minimal power dissipation.
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A memory unit has the following general specifications:

-Total Cycle Time L4 microseconds

Mean Cycle Rate 10 KHz

Peak Cycle Rate (25 cycles) 250 KHz

Power Consumption } Standby 225 mW
Operating (225 + 68f) mW max.
(f = cycle rate in kHz)

Weight 2 1lbs

u3 '



5.8 Calibration System

In-flight calibration of the x-ray detectors and their associagted
electronic chain is accomplished by periodically exposing the detectors
to radioactive sources which emit x—raye of known energies. Eech detector
pair has its own calibration system. Wh?chuconeists Qf_%ieegrcecon
the shaft of a three-position stepper motor and a .062 thick tungsten
shield over the source with slit gpertures in line with the two detectors.

"on" location where

To calibrate the detectors the source is stepped to the
the source aligns with the slits; to turn the calibration "off" the

source is stepped to either of the other two positions. The unit thus

has a basically redundant calibration "off" ability. 1In normal operation,
we will not step back and forth between the "on" and "off" positions

but will always step clockwise thereby crossing both "off" locations
before the "on" location. Thislihhibrtszthe pgiiding'upAof'ewreeidqe;

eﬁ the bearinge %hieh might'freeze the motor.

The stepper motors were . bullt for LMSC by Cemputer Dev1ces

Corporatlon of Sante Fe Sprlngs, Callfornla. The motors are ..

51ze ll w1th permanent magnet roters, Barden Bartemp Bearlngs e

e 3 e - [N C

and Duroid retainers. Each motor is subJected to a 24-hour run-in

and a 24-hour vacuum outgassing immediately after assembly. The minimum
static torque for each motor is 86.4 gr-cm, with only 1/8 of this torque
required to start the rotor, shaft, source and source holder during our

application.

The motors are connected and operated in a three phase "w y e"

type conflguratlon with the common point connected to the spacecraft

Ll

o



. unregulated buss.—iéﬁi§"oﬁe‘w1hdiﬁg shall be enérgized at any one time.
With the common point of the "w y e" connectéd to the spacecraft buss,
any of the three positions may be obtained by pulsing the appropriate
Wiﬁding téxé}édhd fof;épbréiimatelyriSO milliséconds;r The motor is then
held in the desired position by a zero-power-input detent torque of

21.3 grams-cm.

PR S Fach calibration source is.a mixture of.eleven p-Curies of Fe-55

i

/// “énd fifty_‘:u-Curies{ of Pu-238 on a Cd backing. The Fe-55 yields

5.9 keV x-rays. The Pu-238 produces-;légé'and%15_5i£ev 'g}}gigf ;

Rt

«V‘f N The alpha bombardment of the Cd produces fluorescent x-rays which'prgﬁide
\§j'3 ”‘%. some'%a3:é:ReV X-T%Yé?- Some high energy gamms fays at 150 and 720 keV .

‘ : are also emitted with fluxes of less than 0.01 and 0.003 photons/steradian-
- \\ second;Vﬂe%pécﬁively. d

:. The overall source strength is high enough that,when used in the

s

Long Duty Mode (see Section k.5), we can obtain a reasonable calibration

for—a single detector inm about five minutes, but low enough that if it

accidentally stayed on we could still sort out a superimposed signal

from a solar active region.



’5.9 Digital Electronics Control System

The Digital Electronics Control System consists of low.pbwer,
TTL, (54L series) digital integrated circuits in dual-in-line packages
mounted onAtwo-sided printed circuit boards. The packaging concept
consists of fifteen circuit boards plugged into a single interconnection
board. There are severgl subsystems of the Digital Electronics Control '

System which will be briefly described. |

'5.9.1 Data Gather Control System

The Data Gather Control System depends on either solar trigger
pulses from the trigger eye units or pseudo-solar trigger pulses from the
Night Sky Control System to start the Data Gather Cycle. Provided the
Data Readout System has finished its activity, either of these pulses
will enable the Data Gather Control System. A Fan Beam Counter counts
either the sun pulses that come from the sun center detectors or the
pseudo-sun pulses that come from the Night Sky Control System to define

the end of the data gather period.

f{,u - . ..*-\

p A\
P .
o in ot e W o
As described in Section 3, each fan beam gathers data as it sweeps ;ﬂ,__
ey ‘ W :

across the solar disk so provisions must be made to start the data gather se-
quence ‘at d\ﬁéint prior to contacting the solar edge. This is accomplished by

using a redundant, ground selectable, crystal oscillator as a timer. The first
accepted sun center pulse enables this oscillator into a counter and the second
sun pulse stops the counter. The count (Nl), which is now a measure of the

time between sun centers, is loaded into a storage register. By using

this number divided by two ( which in binary is a simple shift



»

K

j

operation) as one input to a digital comparator’' and a counter enabled
to count gt the same frequency as the original Nl counter as the other

input, one determines electronically the position half-way between sun

e - —— s~

center pulses. Thls deflnes the start of a: fan beam‘s sweep across the sun.

e e —

L1kew1se, the number Nl dlvided by thlrty two is loaded 1nto ‘g, second storage re-

glster which is used ‘as one 1nput to a dlgltal comparator The other 1nput

to the comparator is the output of a counter which counts at the same fre-

guency as the original Nl counter. When the two inputs compare, the out-
_Q,r
. &
put  pulses of the comparator define!) the edges betWeen each of the thlrty two ‘wio

¢ e

}spatiai.area'segments onethersun_into whmch the—x:ray datavls grouped.

\/’

Each of these area, segment pulses is used to increment the memory ¥-address .
so that the Y-address of the memory’array deflne one of the

thirty-two area segments of the sun.

The oscillator that generates Nl is also enabled into a counter dur-
ing the occurrence of area segment number fifteen for each fan beam. This counter
thus contains a total count proporﬁional tobthe"total time data was collected in

that area segment. Since gll area segments of each fan beam are of equal

N
width, this.elpased time value is applicable for every area segment. i
Clag-y et ' —

\ e tmaneons

At the completion of data gather, the SAE pulse is enabled into a
e e =T
counter, After 212 SAE counts have occurred the 1nstrument has rotated approxi-

mately 180° and is pointing in the antitarget direétion where:the appropriate
‘detéctor is then enagbled to recérd background for approximately 1.25 seconds.;

This data is stored.in memory Y-address thirty-two.

-~
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The Fine Spatial Mode capability that was described in Section 4.2,
comes agbout by electfohically adjgsting the starting peints to be either 3Nl/4

or Nl while adjusfing,the widths of the area segments 1o be Nl/l28.

5.9.2 Detector Selection System

The vertical and slant systems each have Detector Selection Systems.
The vertical system will be describedjééfgt The slant.system is similar but
ﬂgpmewhat more gpmpiéx éince_it must_controi both-slant A and slant“BAdetéctor
pairs‘independently.

hecet 3

The heart of the Detector Selection System is the Sensitivity System
portion of the digital electronics. Consider;dn-iniﬁial qondifion where the higher
sensitivityldetéétors afeuin use for all area seéments._‘Fbr each data gather period,
'the‘SensitiVity SYstem.examinesrthe data as théy are accumulated and determines
if the couhts for any\differentiaivénergy channél;have exceeded the spécified upper
count thréshold. If'ﬁhis i$ the case, the Sénsitivity Sysfém récords that fact
.in a éi%fgén bit acéumulatorAshift regi;ter. Each'bitfof the sixteen ié assigned

to two area segments: area segment 32%1 to bit 1, 2&3 to bit 2, and so on.

The data gather period is normally two revolutions. of the spacecraft.

After the data readout period, the accumulated sensitivity status
in the accumulator register is parallel transferred to a sixteen bit
storage shift register. The information_in this storagé register is then used
during the next data gather period to control which detector is selected
to gather data for each group of two area segments. In a similar manner

if the system is in low sensitivity for a.specific area segment pair;ahd the



. specified lower ﬁhreghold is never erdséed during a data gathér'pefiod, the
system will rgturn to high sengitiy}ty for fhat”area segment for the-follow-

ing data géther5period.

The contents of the storage register are read out prior to each
memory readout.td describe the sensitivities which were used to

gather that memory of data.

The pulses that define area segments edges, divided by two, are
used to serially shift‘thé“six£¢en bit éhift ;egisters.i. Thus;
during the observing of each two area segments the correét bit is presented
to the Analog éate'Pair.ééléa%or'S&éféﬁ;mjﬁﬁéiéééiéglGate"Pair (AGP) is
a combination gafing/seieéﬁioh sysﬁem for contrélling which detector trahsfers
data to the Pulse Height Analyzer. It is a pair of single-pole single-throw
break-before-make action FET switches built from discrete parts in order

to conserve power (a typical pair of gatesvrequires only 6 mw of power)

while still meeting the specific requirements of thexinstrumént,'

The storage register design of the Sensitivity System makes it possible
to program the sensitiVityfstatﬁs from the grpund. By loading this regis-
ter with a magnitude command and inhibiting parallel loading of the

accumulgtor information, while leaving all other aspects normal, any

sensitivity pattern across the surface of the sun can be established.

One additional capability of the system is. sensitivity overrides.
In this mode, one can command the sensitivity selection to all high sensitivities
or all low senmsitivities until changed By”a'néw commaﬁd. Tt will.be used if a

failure developes in the more elaborate techniques.



5.9.3 Data Readout System
The Data Readout System takes control of the MXRH instrument upon
completion of the data gather period, i.e. after both vertical and slant
systems have accumulated the required number of fan beams. It looks for
the first minor frame sync after being engbled. Upon detection of minor
frame sync, the Data Readout System becomes responsive to sgerial dste__““_ip ;+«ﬁbQ

read envelopes. The response is to count these read envelopes.

‘For the first three.read envelopes, data words of all logical "ones"
. are presented at ‘the output and these become the MXRH data sync words. The fourth

. read envelope causes varlous blts of status 1nformatlon to be assembled in an eight

D

— =SS SN e B — SR e, = o, e o ~ R S —— S

bit shift reglsterwwhlch is then clocked out by the serlal data clock. These
‘bits include which memory is being read oht with data from~which-system,
whether the data is in the day or night mode, whether the system is in

normal or vertical only readout, whether the system is in calibration

or not, whether the system is in fine or coarse mode, and whether the

fine mode is for the first or fourth quadrant. For the fifth word, the

eight bit shift register is loaded with the eiapsed.time datazahd'then
clocked out. For the sixth and seventh words, the sixteen bits of sensi-
tivity states are serially shifted such that the sixth word contains bits

one through elght and the seventh word contains bits nine through sixteen.

e e miTRTmE — = < B UV SRS S
AT ek _x » DeE i me i oo oeee el =

See Appendix ITI, Table V, for the exact bit description of these prime

serial data words.



For the eighth through the five-hundred-nineteenth serial read
envelopes, the five-hundred-twelve words of memory are read out. This is
done in an order such that area segment 1 has all sixteen PHA channels
beginning with chamnel 1, area segment 2 has all sixteen PHA channels, and
so on. Upon completion of the memory data output, the data readout system

provides all zero data until the next dats readout period.

After counting five-hundred-twenty read envelopes, the Data Read-

out System'fééonfigures‘éo>tﬁat»the next data readout period will read out
the other memory. The Data Readout System then passes control back to

the Data Gather Control System.

iy



5.10 Power System

The power system of the MXRH consists of a Power Conversion Unit

(PCU) and a Power Distribution Unit (PDU).

The PCU is basically made up of two identical Power Conversion Modules
(PCM) and a set of power converter module selecting relays which perform
the function of switching in one or the other of the redundant power

converter modules as desired.

The power conversion module performs the function of transforming
the regulated 28 Vdc from the spacecraft into the Various'voltages required
to operate the MXRH. The PCM is basically a conventional design with
several unique variations incorporated in order to increase the power con-
version efficiency. The power conversion efficiency is better than 75%
on the "production" units. The PCM is overload protected via fold back
current limiter circuits in both regulated outputs and the input regulator.

The following table summarizes the important performance characteristics

of the PCM.
T Meximum Allowable Nominal Average
Nominal Voltage ‘ Variation* Load Current Range
20 Vdc + 0.2 Vde (floating) + 0.60 Vde 5 ma to 16 ma

12 Vdc + 0.2 Vde (floating) + 0.60 Vdc 7 ma to 14 ma

+5 Vde + 0.1 Vdc + 0.25 Vdc LOO ma to 920 ma
+10 Vdc +0.05 Vde + 0.05 Vde 60 ma to 150 ma
-10 Vdc + 0.05 Vde + 0.05 Vdc 60 ma to 120 ma
+13 Vde + 0.3 Vde + 0.60 Vdc 5 ma to 8 ma

¥ The output voltages do not change more than the amount listed for any
combination of variations in input voltage (+2%), ambient temperature

(-15°C to +40°C) and load current (as shown in the table).



The power converter unit selecting relays perform the function of
switching the +28 Vdc regulated buss voltage into the desired PCM and
simultaneously switching that same PCM output voltages onto the main
voltage buéé iines for usé within the various MXRH éubsystéms: 6nlj‘

one PCM is in operation at a time while the other PCM is in standby.

Since the MXRH is made up of three essentially separate x-ray

detection systems, each of which has a solar mode and an extrasolar mode

of operation;it becomes agpparent that one can greatly enhance the pro-
bability of experiment success if one can switch on or off at will the
various portions of the MXRH in any desired manner. Also, if spacecraft
power becomes rationed, the MXRH instrﬁment could operate in s decreased
péwer s'i'i:;uation (say two of the three syéte:r,rés‘)‘ without totally compromi sing
the scientific goals of the experiment. For these reasons, a PDU was

designed and built.

The PDU contains all the power distributing relays, relay drivers,
wiring, connectors, etc. that are needed in order to execute the commands
required to configure the MXRH into its various desired basic operating

modes as previously described.
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‘The major frame words are: 2 serial digital,iéfbarallel digital, ?1§ZAn516é;”‘lf'

- ~definition is contained in AppendixiiE§ETComb1nat10ns .of these TM words engble- 5

PO

3.

6. DATA FORMAT o

' The MXRH experiment has 12 telemetry words.(TM) ber*minor‘framewahd'an

additional 20 words per major frame. The minor frame words'arefsérial digital.

a e

e
brief description of the T usage will be given herej; a blt-by blt ™
& ew T B e —me el

T

O
Rt Al P R

gy ot
us to verify the receipt of every command, to routinely assess the instrument's

—_——

'health' and to obtain the scientific data for which the instrument was designed.

"binary number (from 1 to 2

6.1 Major Frame Analog Words (12 ea)

These words are used to monitor the 'health'! of the instrument and are

- read to telemetry every 20.42 seconds. The items monitored are:+5V buss voltage,

- +10V bugs voltage, -10V buss voltage, 20V FLT buss voltage 12v FLT buss voltage,

the current being used by each of the HVC, ; and. hot spot temperatures for

the PCU, the gated PHA Box, a detector electronics box and the dlgltal system.

6.2 Ma jor Frame Parallel Digital Words (6’ ea)

These words provide instrument status information which allows one to
quickly observe if a command has 'taken' and also provide information that is

useful in interpreting a malfunctioning condition.

6.3 = Major Frame Serial Words (2 ea)

Thegse two words provide 16 bits of serial information. Thirteen of

these bits are used to define the desired extrasolar target location as a

3) (of SAF. pulses away from the MIP pulse. Bit 4

‘ of Word 1 is the most significant bit and bit 8 of Word 2 ig the least signi-

ficant bit. The definition changes in the alternate data mode. The 213 number becomes

the number of photons, exclusive of PRD's and overloads,processed by the PHA in the

last major frame and the three 'extra Dbits define status (see Appendix II).
- )

St



6.4  Minor Frame Serial Words (12 ea)

The minor frame serigl word stream is the mechanism for reading the

.. science data out.of.the. 1nstrument .memories as.well as.the status. 1nformatlon o

which contains the characteristics of that memory. As previously described

(Figure 5 );)we gather and readout data in sync  with an azimuthal direction

~rather than with spacecraft ™ sync points like major frame start, etc.

To provide for software grouping of the data, we generate an instrumental

wl\ 2 e At e
internal sync +in the minor frame data stream asqfollows 'ﬂ At the end of

Ve I . NG - : e v

a data collection pass, we wait until the next time the flrst LMSC read envelope

of a new mlnor frame 1s recelved ThlS word becomes the flrst word of an LMSC
-~ - - - L /' U lTx '-)i - e T
1

record and is forced to be all ones. The next “two words are treated llkew1se;

The 4th, 5th, 6th and Tth words contain information which is required to under-
stand how the instrument was configured for the data collection pass(es) whose
memory is about to be readout. The next 512 words are the readogf;of:o;e‘-Lf
memory. For a 6 RPM spin rate, we have 750 minor frame words per revolution.

After using 519 of them in the manner Just descrlbed,loglcal "zeros" are placed

in the remainder until another data collectlon and 1nternal sync

occurs. Thus, our data stream sync is at least 120 all "zero' words followed

by three all "one" words, the first of which is the first of IMSC's minor

frame words.

e, s e T B

~. R - - - - e T [N

-l - - Ce e e TS . ~ .- AL

In analy21ng the data, the 519 s1gn1flcant words w1ll be'comblned w1th a .

_,-‘(—-\ - - - -

‘set of maJor frame words, in a yet todge establlshed format and with various

~ N
R - e -~ s e

pertlnent spacecraft status data (such as pitch, clocktime, MIP location,

spin rate, horizon sensor, etec.) to form a data set.

<
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7. DATLY SOLAR X-RAY MAP
An x-ray map will‘be ;rovided each day showing the location, inten-

sity and spectral properties of each x-ray source on the solar disk.

These maps will be made available to the National -Oceanic-and -Atmospheric —

-V861£}_@éBbhysiéainDa%é:Pfoﬁpt>Reb5£ﬁst;A

Administration for publication in thew

\Dally maps w1ll be_readlly avallable to other experlmenters for use on con-v

;current dbserv1ng programs, and w1ll therefore be made as often each day as.-

'

\required and’ feasible. | T e

As presently envisioned each active region that has detectable x-ray
emission will be indicated on a solar digk in a manner which gives a measure
of relative intensity and indicates if the region is flare active. In
addition, the temperagture and emission measure for each region (based on the
Tucker and Koren model for a low density plasma) is stated. Figure 10 is

an example of what this will look like.
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LOCKHEED . . X-RAY (2-14 KeV)
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Figure 10 = Example of the daily map which will be-generaﬁeAd from
the MXRH observation and provide to NOAA for publication. -
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8. HANDLING/SAFETY PRECAUTIONS

The instrument presents no hazards to the personnel who handle it as
it contains no pyrotechnic devices and the radioactive sources within it
are both well shielded and of a level well below that which would present

a hazard.

In handling the instrument, the normal high degree of carefulness given
to all flight hardware is adequate for assuring the safety of this instrument.

This includes lifting only on the IMSC provided hanging bracket and the two

Oyt N
gngolﬁgyhich screw into the front of the shelf. The four specific areas ;é‘ )
for extra precautions are: #%

J ;
oY
S

L

a) Red tag covers should protect the collimator fronts at all

o2 5 - pr T

. . DRl S T T —~- e T

possible times and when removedyekxtreme.care should be exercised to.not. touchs
k _____ e - e e e - J— .~ - . R i N N R

impact, etc. the frontal grids. 34,';

W N

b) Red tag covers will usually be used to protect the top and bottom
instrument surfaces where the collimator-to-detector interface exposes
detectors and the collimator back grid. Again, when these covers must be re-
moved extreme care should be exercised to not damage the detectors (which

have thin»§§¥¥;¥;uﬁ; windows and flats) and collimator grids.

c) When the bottom cover of case b) is removed, the optical surface
of Slant B's sun center detector is exposed and care should be exercised to

not touch, impact, ete. this surface.

d) The collimators have outgassing holes. When uncovered care should

be exercised to not drop something into these holes.
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APPENDIX I

COMMAND LIST AND DESCRIPTION

The following will be a description of each of the MXRH éommands. The
entire list is shown at tﬁg:épd of this Appgﬁdix; Discrete commands ére“"‘=

[

coded DC while serial magnitude commands are coded SM.

DC #1. Select PCM-A: In the instrument there are a pair of redundant DC-DC

power counverters available for use. DC #1 selects the unit called A.

DC #2. Select PCM-B: Selects the other unit, called B.

DC #3. Vertical B+'S'OFF£ The power distribution system of the instrument

is such that power to subsystems which are similar in all 3 systems mayi%e}
turned off and on for each system independently. Likewise, for subsystems
which are similar from slant to vertical. This improves the total instrument
reliagbility. DC #3 turns off B+ busses for the vertical system in areas where

it does not affect the slant systems.

DC #4. Slant A B'ts OFF: Turns off busses which are unique to Slant A sub-

systems or common to general slant subsystems, but do not affect the vertical

subsystems.

DC #5. Slant B B''s OFF: Similar to DC #3 but for slant B.

DC #6. Vertical B+ & PRD ON: Turns on all buss voltages required to make

the vertical system totally function.

Note: To go from a full’' powered-up sfateito'a'staté of only slant A-powered-up,not
only must DC #3 and DC #5 be issued, but DC #7 must be issued to repower

the common portions of the slant systems.
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APPENDIX I (Continued)

. - all busses common to-the two slants.as’well.as those unique: for. slant A.

DC #7. Slant A Bf'&.PRDNQNi.,EiKE DC #5 but for slant A. Note it turns on

DC #9. Vertical PRD OFF: This turns off the +5V buss to the PRD and thereby

disables it from rejecting pulses. The remainder of the detector electronics works
normally. Issuing DC # 6 will repower the PRD without éffecting the remainder

of the system.

DC #10. Slant A PRD OFF: ,Similar to DC #9 but for slant A.

DC #11. Slant B PRD OFF: Similar to DC #10 but for slant B.

DC #12. All high voltages OFF: Turns off all three high voltage converters.

DC #13. Vertical HV ON: Turns on the vertical system HVC.

DC #14. Slant A HV ON: Turns on the slant AAHVC.

DC #15. Slant B HV ON: 'Turns on the slant B HVC.

DC #16. Calib., OFF A: The radioactive calibration source for each detector

‘pair is on the shaft of a three position stepper motor. Two of these positions
leave the source shielded from the detectors and ane position leaves it exposed.

DC #16 selects one of the shielded positions and does it for all three motors.

DC #17. Calib. OFF B: Similar to DC #16‘But éelécts the other shielded‘posi-

tion for all three motors.

DC #18. Calib. ON V: Puts the calibration source for the vertical system into

the unshielded-orientation. Does not affect the other two motors.

; .»"I
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leaves it there through Orbit Day and Orbit Night.

APPENDIX I (Continued)

. e

DC #19. Calib.'ON'SK: Like DC # 18 but for the slant A system.

"DC #20, Calib. ON SB: 'Like DC #18 but for the slant B system.

DC #21. TFine Mode Enable: This command alldws the instrument to be put into

a fine spatial mode of operation by issuing SM #3 with the desired bit pattern.

DC #22, Day-Night: This gllows the spacecraft DAY/NIGHT event level to set

the instrument imto either Day or Night Mode of operation in phase with Orbit

Dagy and Orbit Night.

DC #23. Day Mode Only: Puts the instrument in the b@y Mode of operation and

Note: To get to a frozen-in Day or Night Mode, one must go to the Day-Night

Mode via DC #22 and then to the desired frozen-in mode.

DC #24. Night Mode Only: Like DC #23 but for a frozen-in Night Mode.

DC #25. Config. Sens. V: This command allows SM #2 to be loaded into the

vertical sensitivity system. One of the modes of the sensitivity system in
the MXRH is to be ground programmable with 16 bits of sensitivity status
information. Since one magnitude command is used for all three systems,
the Configure Sensitivity discrete commands enable each system to accept

the serial magnitude1§5ﬁﬁégﬁjindependently.

Note: The sequence of commands required to accomplish this in the vertical\g

-

system is to fifst-reﬁbvé‘éhy'sénsitivity overrides via DC ﬁgj,“theﬁi

<g'éonfigure the vertical sensitivity via DC #25, followed by SM #2.

™~



is the "Normal" readout. This command also resets the instrument from the

APPENDIX I (Continued)

DC #26. Config. Sens. SA: Like DC #25 but for the slant A system.

DC #27. Config. Sens. SB: Like DC #25 but for the slant B system.

DC #28, Sens. Auto V: This command places the vertical sensitivity system

in the automatic switching mode, where actual gathered dats determine

the future sensitivity status.

DC #29. Sens. Auto SA: Like DC #28 but for the slant A system.

DC #30. Sens. Auto SB: Like DC #28 but for the slant B system.

DC #31. ©Normal Readout: This command places the MXRH in a mode where the

vertical TIM and memory are read out during the readout period, then the
data are gathered during the data gather period, then the slant TIM and
memory are read out during the readout period, then data gather repeats,

then the vertical TLM and memory is read out and the cycle repeats. This

alternate data mode (see Section 4.6 and DC #33).

DC #32. Vertical Only Readout: This command places the MXRH in a mode where

for every data readout period only the vertical TLM and memory are always. read out. .

DC #33. Alternate Dats Mode: This command activates an alternate mode of

collecting and reading out data, whereby each prime serial word contains the

energy and spatial information for a single photon. See Section 4,6 for details.
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APPENDIX I (Continued)

DC #34. Sensitivity Override V ON-Med: This command forces the vertical

sensitivity system to select only the Medium (ensitivity detector of the veFtical
system and overrides the sensitivity auto and configured sensitivity modes.

Note: To go to any sensitivity override from any other sensitivity override,

one must give DC #37, sensitivity override OFF, first.

DC #35. Sensitivity Override S ON-Hi: Like DC #34 except this selects the

High sensitivity detector in both-slant systems.

DC #36. Fine Mode Disable: This commgnd forces both the vertical and slant

systems to be in coarse mode regardless of the condition of SM #3.

DC #37. Sensitivity Override OFF: This command removes all overrides from

both vertical agnd slant systems and returns them to whatever mode is

currently active.

‘bC #38. Sensitivity Override V ON-Lo: Like DC #34 except this selects

the Lowiseﬂsi%{Vfty‘aetec%of'ihl%héJQérficai”system.

DC #39. Sensitivity Override S ON-Med: Like DC #34 except this selects the

Medium:gensitivity detector in both slant systems.

- Jp—

DG@#AO. Event Flag Reset: This command resets the Flare Event Flag. The

Flare Event Flag becomes set at the Flare Event. It will remain set forever
unless this command is given. But, once reset, if the Flare Bvent is present,

the Flare Event Flag will become set within,2§7seconds.



APPENDIX I (Continued)

SM #1. Night Sky Position: This command is used to determine how many SAE

.pulses, m, must occur, after the MIP pulse, before the MXRH will start gather-
ing data from the night sky in the Extrs-Solar mode. Since m < 213 the 13
least significant bits of this command are used to determine m, where bit 16

of 8M #1 is the least significant bit. Bits 1, 2 and 3 are not used. The

numeric code is binary.

SM #2., Sensitivity Configuration: This command is used in conjunction with

DC #25, DC #26, and DC #27 as explained under DC #25. Fach bit of this
command assigns a fixed sensitivity to two area segments. The area segments
are grouped 32&l, 2&3, 4&5, 6&T,..., 30&3l. Bit 1 is assigned to area seg-

ments 32&1, bit 2 is assigned to area segments 283, and so on until bit 16

logical "1" selects the Medium ensitivity detector in the vertical system and the

High'éensiEEVif&’ééiect6}-in either slant system,réhawa.logicalf"O"‘selects the

T T - LT T e L L
Lowlééﬁsitivity detector in.the vertical system and the Medium sensitivity 7>
j\_—;':f R y - M - - ST —'iVJWAM;' e L. T

/detééfér in either slant system.

A, e
. - &

~ s -

SM #3. Sensitivity Threshold Levels and Fine Mode Definition and Formatter
A/B Select and Oscillator A/B Select: This command is divided into

several functions as the name implies.

Bits 'S5, 6, 7, 8, 13, 14, 15 and 16 define the Sensitivity Threshold levels

in the sensitivity control system. The following is the definition:

LOWER THRESHOLD . UPPER THRESHOLD
SYSTEM [VERTICAL SLANT COUNTS VERTICAL SLANT COUNTE
BITS 16| 15 81 7 L |13 6| 5
0] © o] 0 L 0 0 o] O [
1] 0 1] 0 n 1 |00 1] 0 6l
ol 1 o1 8 0 1 ol 1 128
1] 1 1] 1 16 1 1 11 192

6



APPENDIX I (Continued)

The upper threshold is the number of counts above which a change from a higher
{sgnsi@iviﬁ&'deééctor to a,leweffsensitivity~detec£o}iwill Qcéur_ﬁhén in the Sensitivity

Auto Mode. The lower threshold is the number of counts below which a return

from a lower’gensitivity detector to éﬂhighef sensitivity detector in the Sensitivity

" Auto;Mdde will:oceut. -

PN

\Bits 1, 2; 3, 4, 11 and 12 are used to define the fine mode capability of the
N L L ,

MXRH. The following is the definition:

FINE MODE ENABLE FINE MODE QUADRANT
SYSTEM _[VERTICAL | SLANT A | SLANT B [, T VERTICAL | SLANT A [SLANT B[, 1
BITS 11 3 T ENABLED 15 n S . QUADRANT]

0 0 0 To 0 0 0 Fourth

1 1 1 Yes 1 1 1 First :

The first quddrant is defined as the quadrant of the suggimmediately after the
center of the sun. The fourth gquadrant is defined as the quadranf of the sun
immediately before the center of the sun. It is necessary when operating in

Fine Mode to initially give DC #21 - Fine Mode Enable, which transfer control

to SM #3.

Bit 9 is used to select one of the redundant oscillators in the Data Gather
Control System. If bit 9 is a logical "1" oscillator A is selected. If bit

9 is a logical "O" oscillator B is selected.

Bit 10 is used to select the TLM formatter from the spacecraft. If bit 10
is a logical "1" formatter B is selected. If bit 10 is a logical "O" formatter

A is selected.

65 -



S
Nl

Discrete Ccrmrands

’\-;EFOJ\OGJ\I‘O\\R-C'LUNP

-Calib. O Sy

_Title

Select PCM-A
Select PCli-3
Vertical B*'s OFF
Slant A B 's OFF
Slznt B B 's OFF

Vertical B" & FRD ON
Slant A B & PRD OH
S8lant B B & PRD ON

Vertical FRD OFF
Slant A PRD OFF
Slant B PRD OFF

All high voltages OFF

Vertical HV CH
Slant A HV ON
Slant B HV Ol
Calib, CFT A
Calib. OFF B
Calib Ol V
Calib., ON S
fo
Fine mode enable

Bay-light

Day mode only
Night meode only
Cenfig. sens. V
Config. sens. Sy
Config. sens. Sy
Sens, suto V
Sens. autc Sy
Sens. auto Sp
Horral readcut

Vertical only readout
Alternate Data Mode -

Sensitivity override V
Sensitivity override S

Fine mode disable

Sensitivity override COFF

A.P PENDD( II \N)A\;L‘l‘.‘z‘i-\a\g < *r\»‘_\,—‘}%-{:*?‘:ﬁ"f T \'_

ABLE, ITT. IMSC Command List

Serial Mzg. Commands

(RD-CH) Number Title _ (RD-CH)
(2-1) 1 Night Sky Position =~ ~(2=71)
(2-2) 2 Bensitivity Cenfiguration (2-72)
(2-3) 3 Sensitivity Threshold .- (2-73)
(2-4) Levels and Fine Mode - ... . .
(2-5) Definition and Formatter A/B

(2-6) Select and Oscillator_ A/B

(2-7). Select . .

(2-8) o

(2-9)

(2-10)

(2-11)

(2-12)
(2-13)

(2-14) -

(2-15)
(2-16)

{2-17)

(2-18) .

(2-19)

(2-20)

(2-21)

(2-22)

(2-23)

(2-24)

(2-25)

(2-26)

(2-27)

(2-28)

(2-29)

(2-30)

(2-31)

(2-32)

(2233)

ON- MED ('2-34)

on-ui  ('2-35)

(2-37

. ot
Sensitivity override V Ci-Lo (-,38)
Sensitivity override S CN4ED ('2-39)

Event IFlag Reset

* RD = Remote Decoder
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. T TN, T i,‘ P
TABLE TV.. " Digital Major' Frame Words

e e T T e -

: l
Digital Word L ‘1 LRV

Number and Bit R Logical One Logical Zero

WORD 2 (M.Frame=25, Word=99) \
PCU A " | 26k On Of f

Bit 1,

Bit 2, PCU By ' 4265 on Off
Bit 3, Vertical PRD - | se66 On “OFf,
Bit 4, Slant A PRD, L267 {on ~ Off.
Bit 5, Slant B PRD - 4268 On - Off
Bit 6, Vertical HVC') w69 jon - . Off
Bit 7, Slant A HVC . luer0 }’»On , L Off
Bit 8, Slant B HVC') AR V- A R S . - Off

WORD 3 (M.Frame=56, Word=99)|
, Vert.. Sensitivity L272 Auto Programmed

Bit 1

Bit 2, Slant A Sens. : w273 Auto Programmed

Bit 3, Slant B Sens. : L7 - Auto Programmed

Bit 4, Vertical ‘Med.” : - Off On
Sens. Override k275 - o

Bit 5, Slant High _ off On

_Sens. Override 4276

Bit 6, Vertical Low ' Off On
Sens. Override S e27T .

Bit 7, Slant {Med o » off On
Sens. Override . jue78.- .

Bit 8, Event Trigger Lh279 None Occurred

WORD 4  (M.Frame=57, Word=99)|

Bit 1, Formatter Selected 4256 B A

Bit 2, Commanded Day Mode | uasT No Yes
Bit 3, Commanded Night Mode - [4258 No Yes
Bit 4, Oscillator Selected | 4259 - A B

Bit 5, Second TM Mode | 4260 No ' Yes
Bit 6, Vertical Only Mode 4261 - No . Yes
Bit 7, Vertical Memory : 4262 - Cycled :No Gycled:
Bit 8, Slant Memory 4263 | cycled No Cycled

WORD 5 (M.Frame=88, Word=99)

Bit 1, Vertical B* Buss 4280 Oon Off
Bit 2, Slant A B* Buss . 4281 On Off
Bit 3, Slant B B* Buss Toojue82 . On Off
Bit L,  Unused -
Bit 5, Unused . . .| - )
Bit 6, Unused A o . \/ , o
BI't 7, Unused DR ey o P t/ N
. Bit 8, Unused - :. N ' ‘ b
~ ~




APPENDIX IT o e
TABLE IV Digital Major Frame Words.
(continued) : o ) -

3

N L,
" “WORD{L ‘¢<(M.Frame = 24, Word = 99)

Bits 1 and 2, Vertical Low-to-Medium Sensitivity Switch
Level.Level equals: a

a) L4 for B1=0 and B2=0; or Bl=l and B2=0
b) 8 for B1=0 and B2=li
c) 16 for Bl=1l and B2=1

Bits 3 and Y4, Vertical Medium-to-Low Sensitivity Switch Level
Level.Level equals:

a) 64 for B3=0 and B4=0, or B3=1 and B4=0
b) 128 for B3=0 and Bi=l
¢) 192 for B3=1 and BL=1

Bits 5 and 6, Slant Medium-to-High Sensitivity Switch
Level.level equals:

a) U4 for B5=0 and B6=0, or B5=1 and B6=0
b) 8 for B5=0 and B6=1
¢) 16 for B5=1 and B6=1

Bits 7 and 8, Slant High-to-Medium Sensitivity Switch
Level.Ilevel equals:

a) 64 for B7=0 and B8=0, or B7=1 and B8=0
b) 128 for B7=0 and B8=1
¢) 192 for B7=1 and B8=1

€8
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APPENDIX II, (Continued)

TABLE VI Serial (Prime) Minor Frame Words

i

) *
Word Location
and Bit

Logical One

Logical Zero

WORD 1: Sync of all "ones"
WORD 2: Sync of all "ones"
WORD 3: Sync of all “ones"
WORD 4

Bit 1, Vert. Memory

Bit 2, Slant Memory Type
Bit 3, Day or Night

Bit 4, Normal TM Mode

Bit 5, Vert. Calib.

Bit 6, Slant(Calib.

Bit 7, Fine Modé- e
Bit 8, Quadrant

WORD 5: Elapsed Time
WORD 6: Sensitivity Status
WORD T7: Sensitivity Status

WORDS 8-519: Memory Contents

WORDS 519-1': Zeros
(1" is the beginning of a new
readout, i.e. a sync of all "ones

")

All bits always

1

1

No

A
Day
Yes
On
On
No

‘First

pair.

Decimal Number

16 bits define the sensitivity
of the detector used for each
of 16 spatial area segments

"1" = higher sensitivity of the

Decimgl Numbers

" None

Yes

Night
No

off
off
Yes
Fourth

*
Word location 1 may be from any minor frame but must be Word 10 of

that minor frame.

*
This table is applicable to the

&

event. Bits 5

Normal Data Mode.

In the Alternate Data
Mode (see Sectlon 4.6) each minor frame serial word represents a photon

8 (Bit’5 = MSB) identify the 16 pulse height channels

‘described in Table IT, ”yﬁlts 1-3 deflneVS spatlal area segments with

‘Bit 1 =
usedJ with 11!

P \j ‘— A
ver Ta fy )i Fes g

MSB for these three bits.
= higher sens1t1v1ty and-¢ o

Bt 4 defines theqdetectortpelng
lower sen31t1v1ty



APPENDIX II (Continued)

e ST

S AR (\m . (c

R | A ¥ R
Serial Major Frame Word Definition 2 “ . ,\g
I B " ! l C \ ! J'\:}{&/
N A d \ Q—'”‘

A. Normal Readout Mode

1. Word 1 (Word 99 of Minor Frame 72)

The first three bits (Bit 1 = MSB) have no meaning. The next five bits are

[

combined with Word 2 to form a 13 bit binary number which defines the night sky
target location in terms of SAE pulses away from the MIP. Bit 4 of Word 1 is
the MSB. Bit 8 of Word 2 is the LSB.

2. Word 2 (Word 99 of Minor Frame T3)

Is combined with Word 1 as Jjust described.

B. Alternate Data Mode

1. Word 1. No fES
a. Bit 1 (MSB) ... Defines Calibration ... '1' = No , 'O' = Yes.
Sl e o L.
b. Bit 2 ......... Defines Fine Mode ..... "1 o= W0, . tO' = Ye.
Fow i Pt

c. Bit 3 ......... Defines Quadrant ...... 'l' =Fourth, '0' =First.

d. Bits 4-8 ...... Combines with Word 2 in a manner analagous to that
described for Normal Readout to form a 13 bit binary number. The number
is no longer~the night‘sky position; however, rather it is now the total
nunber of photon events,iexclusive of FRD's and overloads,processed by the
\PHA during ﬁEé”ia§£<méjb%;frémgfffﬁk‘befiad’(gxélgéiﬁgmaﬁ}5read envelope .
time periods).

2. Vord 2.

Combines with Word 1 as Jjust described.
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APPENDIX IIT

TURN ON'SEQUENCE/OPERATIONAL VERIFICATION - - -
Note: In describing this sequence, the Hughes generated last reported

value (LRV) numbering scheme will be referred to for status monitoring.

1. Using S/C status (the specific LRV's will be selected by HAC) verify

that all power busses are proper.

~

2. Verify all instrument temperagtures are\irgghiiotho_3d?§;> %here;POWer

Converter Unit (PCU) = LRV 0252, Detector Electronics = LRV 0253, Pulse

Height Analyzer (PHA) = LRV 0254, and Digital Electronics = LRV 0255.

3. Command the instrument to a minimum power state configured as defini-
tively as possible via Discrete Commands (DC) No. 12, No. 1, No. 3, No. L,
No. 5. Verify voltage.of +28V regulated buss via LRV 0006. Apply to instru-
ment and verify via LRV L4434, If possible, verify proper current (~ 7O mA)
via LRV 0039. Verify the states configured in paragraph 2.3 by observing
the proper LRV's: High Voltages OFF (4269, 4270, 4271, 0245, 0246, 0247,
0251), PCU A ON and PCU B OFF (4264, 4265); B's OFF (4280, 4281, L282);
PRD's OFF (4266, 4267, 4268); Low Voltage Busses are proper (0248, 0256,
0249, 0250). Note:that the 20V Monitor (LRV 0251) will not read 20V
presently since no high voltages are on. Apply the Unregulated Voltage

Buss to the instrument and verify via LRV 4431,

4. Turn ON Vertical B' and PRD via DC No. 6 and observe LRV 4266, 4280.
Observed regulated 28V buss current increases to ~ 160 mA. Turn ON Slant

A B and PRD via DE No. 7 and observe LRV 4267, 4281l. Observe the regulated

7T s



APPENDIX III (Continued)

28V buss current increases to ~ 250 mA. Turn ON Slant B Bﬁ and PRD via
DC No. 8 and observe LRV 4268, 4282, Observe the regulated 28V buss

current increase to ~ 275 mA.

5. Put the instrument into g well defined operating state. Send DC No.lT
to estgblish non-calibration orientatioﬁs. Send IC No. 22, No. 24, No. 22,
No. 23, No. 22 and observe that we are not in either a Commanded Day nor

a Commanded Night Mode via LRV L4257 and 4258. Send DC No. 31 and observe
that we are not in either the Alternate DatavMode'n6ffthéjVértipéi o
System Only Mode via LRV L4260 and 4261. Remove all Sensitivity Overrides
via DC No. 37, and set all sensitivities to AUTO via DC No. 28, No. 29,

No. 30. ‘Observe proper configuration via LRV 4275, 4276, 4277, 4278,

4272, 4273 and 427k,

6. Observe which S/C Format Generator and Mode are in use via LRV 4000
and 4001l. Issue Serial Magnitude Command (SMC) with all Bits = "1"

except Bit 10 which is set to agree with the S/C Format Generator ("1" =
B, "O" = A). Verify configuration by observing LRV 5011 (CTS = 16),

5012 (CTS = 16), 5013 (CTS = 192), 5014 (CTS = 192), 4259 (oscillator = A)

and 4250 (Format selection agrees with S/C Format Generator).
7. Issue DC No. 40 to reset the Event Flag and observe LRV 4279.

8. Issue SMC No. 1 with decimal value 8191 and observe the corresponding

Night Sky Position via LRV 2028,

9. Observe that the memories are cycling via LRV 4262 and 4263 being

primarily ‘"YES."

-



APPENDIX III (Continued)

10. Observe the prime serial minor frame data to verify that all systems
are cycling in a manner wherein:

(a) MNo gsystem is in CAL.

(b) No system is in FINE MODE.

(c) DAY/NITE status agrees with the S/C status as defined by LRV 4372,
(d) Elapsed time values agree with the S/C Spin Rate as defined by LRV

3002 and 3003.

11l. Initiate full functional testing.



APPENDIX IV
USEFUL MXRH NUMBERS

Spin Rate (rpm) 5 6 7
Period (sec) 12 10 8.57
Time for one vertical system Fan Beam to cross a

L2v target (msec) . 23.4 19.4 16.7
Time for 27 vertical Fan Beams to cross the target

area (sec) _ .63 .52 45
Time for one slant system Fan Beam to cross an 84!

(azimuth) target (msec) 46.8 38.8 33.4
Time for 13 slant Fan Beams to cross the target

areg( sec) ' .61 .51 43
Time for one vertical Fan Beam to cross 1/32

of target area (msec) .73 .61 .52
Time for 27 vertical Fan Beams to cross 1732

of target area twice (msec) 39.4 33.0 28.0
Time for one slant Fan Beam to cross 1/32 of target

area (msec) 1.46 1.22 1.04
Time for 13 . slant Fan Beams to cross 1/32 of target

area twice (msec) 38.0 31.8 27.0
Time available for T™ readout (sec) (IF pitch = 0)% 11.2 9.4 8.0
Maximum T™ words available (12 per minor frame)

(pitch = 0) 840 705 600
Time available for ™ readout (sec) (IF pitch =

+1° Y*x 10.7 8.9 7.7
Maximum TM words available (pitch = +4°) 805 670 580
Anti-target background collection time (sec) 1.28 1.28 1.28

Time value of each elapsed time unit in coarse mode (sec) . 00025

Time value of each elapsed time unit in fine mode (sec) .0000625

* Includes time required for trigger eye and initial two sun center findings
to set up data taking sequence.

¥%¥ Non zero pitch imposes a lead and a lag into the slant systems data taking and
therefore an overall decrease in non-data taking time.
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APPENDIX VI

This appendix contains some details of the flight detector
responses which are needed by anyone who wishes to do quantitative
work with the instrument. Figures 12a through 12f display effective
areas vs. energy for several aspect angles. The geometrical shadowing
of the collimator support structure is included but the transmission
(40% for normal incidencg) of the grid mesh has not been included.
Table VI contains the measured PHA channel boundaries for the six

flight detectors.
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TABLE VI

PHA Channel Boundaries For
The Flight Detectors(keV)

o Vg Shrg SBrg Vsr Shmvp SBrwp

X PRD PRD PRD N/A N/A N/A

2 1.5 <200 3.6 -2.3" 35 =232 1.9 SUEE .7 - 1.0 0
. 2.0°- 2.6 2.3-2.9: 2.1-2,6 21 a4 1.8 o il = 1.4
L 2.6 - 3.2 429 =35 2.6 ~3.2 2/ s B2 mes < all - 1.8
5 S8 3,7 3.5 - 4.1 3«38 32 = 3.8 G =s188 B8 - 2.1
6 3.7 -4.3 b1 -8.8 3.8-4.3 FE TS 1.6 =0 2.1 - 2.4
7 £.3 - 4,8 4.8 -5.4% &3 -k9 "k _ g - 2.3 R2 5 0.7
8 .8 - 5.9 5.4 =6.6 1,9 -6.,0 0 4 SIS B el 2T - 3.3
9 5.9 = 6.5 6.6 - 7.2 6.0 - 6.6 6.1 - 6.7 Suepes. L0 3.3 - 3.6
10 6.5 ="T.1 7.2 - 7.9 6.6 - 7.2 6.7 - 7.2 F.1 5. 383 .6 - 3.9
11 7.1 - 7.6 7.9 - 8.5 g2 Ok 7.2 - 7.8 3.4 - 3.6 3.9 - 4.3
12 7.6 - 8.2 8.5 - 9.1 T 7= 8.3 7.8 - 8.4 @8 =09 4.3 -.U.6
13 8.2 -8.7 9.1-9.7 8.3-28.9 8% s S0 = B2 L6 -L4.9
b 8.7-10,9 9.7-12.2. 8.9 -11.1 8.9 . g ovaie 4.9 - 6.1
B0 e 10.97+15.0 12,2 -1T.2 " 1121 =15.7 ¢ 11,8 ST BEdeAe 6.1 - 8.6
16 > 15.4 > 50 p o e i 1 =74 > 8.6
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APPENDIX VII

Abbrevigtions Used in Text

ADC Anglog to digital converter
AGP Anglog gate pair

BKG Background

CEs Counts

DAC Digital to analog converter
DC Discrete commands

FET Field effect transistor

FIT Floating

FWHM Full width at half maximum
HAC Hughes Aircraft Corporation
Hv High voltage

HVC High voltage converter

1/0 Input or output

LED Light emitting diode

IMSC Lockheed Missiles and Space Company, Inc.

Space Astronomy Group of the Radiation Physics Laboratory
C.J. Wolfson, Research Scientist- (415) 493-4411, Ext. 45718

LRV Last reported value

MIP Master index pulse

MSB Most significant bit

PDU Power distribution unit
PCU Power conversion unit

PCM Power converter module
MXRH Mapping X-Ray Heliometer
PHA Pulse height analyzer

PRD Pulse Risetime Discriminator
RD Remote decoder

s/c Spacecraft

V) Vertical

TTL Transistor transistor logic
™ Telemetry
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APPENDIX VIT
Abbreviations (Cont'd)

SYNC Syncronization
SM or ; s
Serigl magnitude commands
SMC
SB Slant B
SAE Shaft angle encoder
SA Slant A
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List of Figures

1 Physical arrangement of major portions of
experiment,

2 Front view of experiment.

3 Front view of experiment with two collimators
removed.

L Side view of experiment.

5 Operational sequence of data gathering.

6 Single data gather sequence of the vertical system.

T Fan beams of transmission for the vertical collimator.

8 Relative sensitivities of x-ray detectors.

9 Memory system block diagram.

10 Daily map example.
1la Vertical system electronics.
1lb Slant system electronics.

12a-T Detector-collimator effective sreas.
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